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Members of Saivia L . subg. C a l o s p h a c e  (Benth.) Benth. in Benth. 
& Hook. sect. E r y t h r o s t a c h y s  (Epiing) Epling range from the area 
of Big Bend National Park (Chisos Mountains), Texas to the 
highlands of Mexico, and one species occurs as a disjunct in 
Colombia. Five North American taxa, S a l v i a  r e g i a Cav.,
S. b e i u i i f o l i a  var. b e t u J i f o l i a  Epling, $. b e t u l i f o l i a var. 
c h a s a e a a Reveal & Hess, S. p u b e s c e n t Benth. and S. sess e i Benth. 
exhibit morphological intergradation and have been taxonomicalI y 
confused. The South American disjunct, S. 1 ibanertsis Rusby is a 
well-defined species. Carl Epling's 1939 revision is the most 
recently published treatment of the entire subqenus. To evaluate 
the relationships among these taxa, morphological and cytological 
studies were combined with field work. Plant populations were 
sampled in the field from throughout the range for each taxon, 
except for the Colombian species S. 1 i baitens i s , Data for 
field-sampled collections were used to determine and compare 
morphological variation within and between populations.
Herbarium specimens were analyzed to assess morphological 
variation among all the taxa of the section. Principal component 
analysis was applied to the 65 quantitative characters to 
determine redundant characters. The 48 discrete characters were 
assessed from frequency tables. Analysis of variance (anova) and 
Scheffe's range tests were used to identify significant 
differences between taxon pair combinations for 37 quantitative 
characters. Morphologically, S, 1 ibartens i s is the most distinct 
species. Discriminant analysis and anovas with Scheffe's tests 
show that 5, r e g i a and S. ses s e i are morphologically distinct 
from one another. Salvia betulifolia and S. pubescens are 
morphologically intermediate between S, r e g i a and S, s e s s e i .  
S a l v i a  b e t u l i f o l i a var. cbasaeia does not differ sufficiently 
from S . b e t u l i f o l i a ^ as described by Epling in 1941, to be 
considered an interspecific taxon.
Cytological studies support conclusions from the morphological
study. Chromosomes counts show Salvia r e g i a and S. s e s s e i ^ both
N = 11, to be diploids. Morphologically, they are quite distinct
from one another. Salvia b e t u l i f o l i a , with N = 22, and
S. p u b e s c e n s  j with N = 18--22 are allotetraploids. Chromosomal
behavior, longer guard cells, high pollen stainability, as well
as intermediate morphology all support the hypothesis that these
two species are allotetraploids. Chromosome counts are lacking
for S. l i b a n e n s i s . Results from these studies support the
recognition of five species in sect. E r y t h r o s t a c h y s , S. regia,
S. b e t u l i f o l i a , S. p u b e s c e n s ,  S. s e s s e i and 3- libanensis.
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INTRODUCTION
The section E r y t h r o s t a c h y s  (Epling) Epling comprises attractive, 
robust, red-flowered shrubs which are native to montane regions in the 
Chihuahuan Desert southward throughout Mexico, and in Colombia. Like 
other sages in the subgenus C a l o s p h a c e  (Benth.) in Benth. & Hook., 
these species are characterized by linear, longitudinally connate 
lower portions of the anther connectives (rudders), spreading lateral 
lobes of the lower corolla lip and subulate style branches (Fig. 1).
As a group, the C a l o s p h a c e  are the most diverse in the genus, with 
some 500 species native only to the New World.
Salyja L . , with about 000 species (Peterson 1978, Cronquist 
1981) is the largest genus in the Lamiaceae. This cosmopolitan genus 
is distributed in temperate, subtropical and tropical regions. It is 
distinctive in having two fertile stamens, each with an elongate 
anther connective usually with only a single functional distal pollen 
sac .
Plants such as SaJyia o f f i c i n a l i s  L. (common sage) have been known 
and cultivated by humans for many hundreds of years for culinary and 
medicinal purposes. The name, Sait'ia, refers to the healing 
properties of certain species, and is derived from the Latin saii^ere, 
to be saved (Grieve 1971).
Carolus Linnaeus named the genus Salyia in 1753 in S p e c i e s
P l a n t a r u a ,  and described 27 species. Using his sexual system of
classification, he grouped genera into classes and orders based on
1




number ot stamens and pistils. This artificial system included the 
genera Rosearinus L . and H onar da L. in the same class and order, 
(Diandria Monogynia) as that of Saii/ia.
George Bentham's treatment of SaJyia in Labiatarutt G e n e r a  et 
S p e c i e s was the first to group naturally the species of Sali^ia based 
on their elongated anther connectives (rudders). He grouped 266 
species of Saii/ia into 14 sections based on the shape and degree of 
connation of the rudders, the presence or absence of lower anther 
thecae and the form of the calyx (Bentham 1833). A second treatment 
of Saii^ia by Bentham is found in de Candolle's Pr o d r o a u s (1848). In 
emphases, it is very similar to his earlier treatment; however, the 
intervening years saw intensive botanical exploration in the New World 
tropics. Thus, the 1848 treatment included 407 species. Bentham 
elevated his sections to subgenera in Genera Piantarua (Bentham & 
Hooker 1876); sect. C a l o s p h a c e became subg. Calosphace.
The most recent treatment of Salvia in its entirety dates back to 
that of Briquet (1896) in Die NatÛr a l i c h e n  P f J a n z e n f a M i l i e n ,  yet the 
system used is essentially Bentham's. However, Briquet (1896) and 
especially Fernald (1900, 1907) did describe significant numbers of 
new species for the genus. Many of Fernald s new species were Latin 
American members of subg. C a l o s p h a c e .
Now believed to comprise about 500 species, subg. Calosphace, from 
Greek k a l o s j beautiful and s p a k o s , sags (Steam 1966), is the largest 
subgenus of Salvia. It is distributed only in the New World, ranging 
from southern parts of the United States south to Argentina. Species 
diversity for this subgenus is greatest in the central highlands of
5
Mexico, the northern Andes and the Brazilian highlands. Subsidiary 
areas ot diversity include the highlands of British Guiana, as well as 
Haiti and Cuba (Epling 1939a),
Carl Epling, of the University of California, Los Angeles, studied 
subg. Calosphace from the 1920's to 1968. His 1939 revision is the 
most recently published treatment of the entire subgenus. In it he 
included 468 species in 91 sections. Since 1939, additional new 
species descriptions by Epling and others (Epling 1940, 1941, 1944, 
1947, 1951, I960, Epling & Jativa 1963, 1966, 1968, Epling & Mathias 
1957 and Ramamoorthy 1984) have pushed the species number to nearly 
500, During the 1950 s, Epling began a revision of the 1939 
treatment, but died prior to its completion. His handwritten 
manuscript shows that he was in the process of reducing the number of 
sections from 91 to 55.
During Epling's time, many taxonomic studies were based primarily 
on herbarium specimens. Because of Epling's almost exclusive use of 
herbarium material, his groups of species are founded primarily on 
morphological characteristics. Although his descriptions of sections 
and species are presented accurately, his keys and descriptions are 
written in Latin, making them difficult for people in the field and in 
herbaria to use (Peterson & Reveal 1983). Since Epling's 1939 
revision, few comprehensive studies of cytology, chemistry, 
morphologic character variation patterns and breeding systems have 
been conducted. Thus, we know little about the evolutionary 
relationships among species of subg. Calosphace.
Furthermore, new species of S a l v i a are still being discovered in
the montane neotropics. In this region pressure increases to clear 
the lands to raise much-needed agricultural crops. The result is that 
tropical ecosystems are being destroyed at a far greater rate than 
they can be investigated and understood. These lands are the center 
of genetic diversity, not only for S a l v i a ^ but for many other plants 
and animals as well. Thus, it is imperative that if we are to 
elucidate the evolutionary mechanisms and pathways which have given 
rise to the diverse array of salyjae, we must begin the work now.
One of Epling s most important contributions toward our 
understanding of the evolutionary relationships among species in subg. 
C a l o s p h a c e  was his delimitation of sections. Even now, many of the 
sections appear to consititute natural assemblages in that sectional 
groupings are clearly distinct from other sections and the species in 
each section exhibit numerous shared characteristics. Nevertheless, 
within many natural sections, the discreteness of species, as well as 
their evolutionary relationships remain ambiguous. These natural but 
taxonomicalI y confusing groups provide an ideal opportunity for us to 
apply modern systematic techniques and evolutionary theory.
Of the 91 sections Epling recognized in his 1939 revision, 22 
comprise entirely red-flowered species. A total of 68 species were 
apportioned among these sections. One of the red-flowered sections is 
E r y t b r o s t a c h y s ,  This name is Greek from e r y t b r o s , red and 
s t a c h y  St spike (Stearn 1966).
Species of sect. E r y thr o s t a c h y s range from the area of Big Bend 
National Park (Chisos Mountains), Texas southward through the eastern 
and western Cordilleras of Mexico to Oaxaca, with one species found in
northern Colombia, South America (Fig. 2). Plants occur in chaparral, 
as well as dry oak and pine woodlands at elevations ranging from 
762— 3100 m■
Epling used a suite of morphological characteristics to 
distinguish this section from others. Most important among these 
features are the large corollas up to 4.5 cm long and the inflated, 
scarlet calyces which generally have reticulate veins on the upper 
lip, rather than the prominent, straight veins of most other s a l v i a e .  
The sect. E r y t b r o s t a c h y s  comprises five species, including S a l v i a  
l i b a n e n s i s  Rusby, S, r e g i a Cav., S. b e t u l i f o l i a  Epling, S. s e s s e i  
Benth. and S. pubescens Benth. In addition, one infraspecific taxon, 
S. b e t u l i f o l i a  var. c b a s a e e a Reveal & Hess has been described. Of 
these six taxa, only S. i i b a n e n s i s is unambiguous; the remaining taxa 
exhibit intergradation for several characteristics and have been 
taxonomical1 y confused.
S a l v i a  l i b a n e n s i s (Plate 1) is the type species of sect. 
E r y t b r o s t a c h y s  and grows only in the state of Magdalena in Colombia, 
South America» This species is disjunct, with hundreds of kilometers 
separating it from plants belonging to other taxa in the section. Like 
many widely disjunct species, S. l i b a n e n s i s is morphologically 
distinct from its relatives to the north. Shrubs reach one meter in 
height and flowers are arranged in 2--5-flowered cymules with calyces 
about 1.7 cm long and corolla tubes about 3.3 cm long. The ovate 
leaves have an average length:width ratio of 1.3:1 and range from 
8.0— 14.7 cm long. These characteristics easily distinguish this 
species morphologically from the other taxa in the section.
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Figure 2. Distribution of taxa in sect. t  r  y  t h r  o s  t sc hy s
KEY TG DISTRIBUTIONS:
V  = Saiif i a r é g l a
e  = Sai/ia b e t u l i f o l i a
Q> = Sal V i a p u b e s c e n s
▼  = S a l v i a s e s s e i
■ = S a l v i a 1 i b an en s i s
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Sal v  i A r eg Î à (Plate 2) has the widest distribution of any species 
in the section. These one- to three-meter-tall shrubs range from Big 
Bend National Park (Chisos Mountains), Texas southward through much of 
the montane area of Mexico, including the states of Chihuahua, Nuevo 
Ledn, Coahuila, Tamaulipas, Guanajuato, San Luis Potosi, Hidalgo, 
Aguascalientes, Vera Cruz and Oaxaca. Plants grow in dry oak and pine 
woodlands on limestone substrates at elevations of 1067--3100 m. They 
can be distinguished from other taxa in this section by relatively few 
flowers in short, raceme-like displays which arise from the axils of 
the upper leaves and by their regularly funnelform calyces. Also 
distinctive are their deltate leaves with an average 1.1:1 
length:width ratio.
In 1941 Epling described Saii^ia betuiit'olià (Plate 3) for certain 
populations of plants growing in Chihuahua and Durango, Mexico. He 
recognized it as sufficiently distinct from S, regia, although 
intermediate in morphology between S, regia and S. s e s s e i , Epling 
based the distinctiveness of S. b e t u i i f o l i a  on proportionately longer, 
acuminate leaves, more irregularly serrate leaf margins and denser 
leaf pubescence. He stated, "Just as the leaves of S. regia suggest 
those of P o p u l u s  t r e a u i o i d e s^ the leaves of Saivia ôefuiifoiia suggest 
those of Setüia aiba." Interestingly, however, and in line with an 
apparent shift toward consolidation, Epling included S. b e t o l i f o i i a  
with 3. regia in his unpublished manuscript. A variety of 
S- betuiifoiia was described in 1972. Saivia betulifojia var. 
cbasseaa Reveal & Hess was collected in Durango, Mexico and was 
delimited by its larger flowers and calyces. Allegedly the plant
il
grows at higher elevations than var. betuiifoiia and flowers earlier. 
Although highly variable, the leaves were described as larger and the 
pubescence denser.
The large, showy shrubs of Sa/i^ia s e s s e i (Plate 4) grow as tali as 
four meters and are distributed in the central Mexican highlands in 
the states of Tamaulipas, Jalisco, Michoacân, México, Puebla, Morelos 
and Guerrero. Plants grow in pine forests on limestone, as well as 
volcanic soils ranging from 1100— 2250 m in elevation. Epling 
considered S. s e s s e i a well-defined species and distinguished it from 
the other taxa on the basis of its conspicuous, dense panicle-like 
flowering axes, as well as its subglobose, scarlet calyces and 
ovate-acuminate leaves with an average 2.2:1 length:width ratio. 
Exceptions to the distinctiveness of this species can be seen in 
collections of it from the state of Tamaulipas, which vary in the 
direction of S. regia.
The distribution of Sai/ia p u b e s c e n s  (Plate 5) in the highlands of 
central Mexico is similar to those of S. s e s s e i and S. regia. The 
range of S. p u b e s c e n s includes the states of Puebla, Guerrero and 
Oaxaca. Plants occur from 762— 2134 m in dry oak and sabai palm scrub 
areas. Epling (1939b) considered S. p u b e s c e n s to be intermediate in 
habit between S. s e s s e i and S. regia. The flowering axes of 
S. pubescens are similar to those of S. regia, with few-flowered 
raceme-like displays arising in the axils of upper leaves. However, 
the racemes of S. pubescens are more crowded, resembling those of 
S. sessei. The narrow calyx base of S. p u b e s c e n s is more similar to 
3, regia and S. b e t u î i f o l i a  than S. sessei, which has a rounded calyx
base. However, the calyx of S. pubescens abruptly flares above the 
middle (f1ared-funnelform shape), whereas those of S. regia and 
S, betulifüiia are more regularly funnel-shaped. The flowers of all 
four species are similar, Epling recognized the ovate-acuminate 
leaves of S. pubescens to be similar in shape to those of S, sessei, 
but intermediate in size (2.0— 9.5 cm) between S. sessei and S. regia. 
The average length:width ratio of leaves for S. p u b e s c e n s is 1.7:1, 
which lies between the range of S, sessei (2.2:1) and S. regia 
(1.1:1).
The morphological intermediacy of Saii/ia pubescens has been the 
source of most of the taxonomic confusion within sect. E r y t h r o s t a c h y s ,  
While Epling did recognize S. p u b e s c e n s as a distinct species in his 
1939 treatment, he did so with reservation. In his unpublished 
manuscript, however, he combined S. p u b e s c e n s  with S. sessei.
Epling's own reservations as to the distinctiveness of S. pubescens 
are echoed in the sizable body of misidentified herbarium specimens of 
various collectors.
STATEMENT OF THE PROBLEM AND STUDY OBJECTIVES
To summarize, only, one of the six widely recognized taxa in sect. 
E r y t b r o s t a c h y s  is clearly distinguished. Confusion has surrounded the 
other taxa with respect to their delimitation and relationship. At 
the outset of my study several crucial questions remained unanswered. 
These included:
1. What is the relationship between Salkia pubescens and other
taxa in the section? What underlying factors have contriouted
î ù
to its morphologie intermediacy between S. se s s e  i and 
S . regia?
2. What is the relationship between S. b e t u l i f o l i a  and other 
taxa, and is S. b e t u l i f o l i a  sufficiently distinct from
S. r e g i a so as to merit specific rank? How well does of
S. b e t u l i f o l i a  meet the standard criteria of specific rank?
3. What is the relationship between S, b e t u l i f o l i a  var. c/ia^seisa 
and S , b e t u l i f o l i a ^  as circumscribed by Epling in 1941?
The answers to these questions would then help to achieve the 
overall objective of my study, a comprehensive monograph of sect. 
E r y t h r o s t a c h y s  in which the biological relationships of all taxa have 
been elucidated and in which a classification system has been 
constructed so as to reflect those natural relationships.
Toward that objective the following lines of investigation were 
pursued :
1. Analyses of morphological and anatomical character variation 
patterns, based on a sample of dried specimens obtained from 
field-collected populations, as well as herbarium loans. The 
analyses would incorporate standard statistical techniques, as 
well as several multivariate techniques applied to a large 
number of characters,
2. Field observations of the habitat and distribution of five of 
the six taxa in the section.




From mid-September to mid-November 1902, five of the six taxa of 
sect. E r y t b r o s t a c h y s  were observed and collected in the field. These 
five taxa, including Salvia r e g i a , S. b e t u l i f o l i a  var. b e t u l i f o l i a ^
S , b e t u l i f o l i a  var. chasmema, S. p u b e s c e n s and S. s e s s e i , range from 
southwestern Texas southward throughout much of the highlands of 
Mexico. Saivia regia, with the largest distribution of the five taxa, 
occurs in Big Bend National Park in Texas, southward through the 
eastern and western cordilieras of Mexico to Oaxaca. S a l v i a  
b e t u l i f o l i a  var. betuiifoiia is found in the states of Chihuahua and 
Durango, Mexico. S a l v i a befuiifoiia var. chasmema is known only from 
collections made in Durango, Mexico. Saivia pubescens and 5. sessei 
are found in the central montane regions of Mexico.
In preparation for the trip, distributional data were collected 
from herbarium specimens. A majority of these locations were visited. 
Collections in multiples of ten of each population were made for 
morphological and anatomical studies. Habitat data were recorded for 
each population sampled, including elevation, aspect, slope, edaphic 
characters and associated species. Photographs were made of each 
plant and its habitat. The range of plant height was sampled for each 
population. Plants were pressed using a standard plant press and 
dried on a wooden frame over six 100-200 watt light bulbs.
When possible, cytological material was collected for chromosome
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counts, as well as voucher specimens. Flower buds were collected from 
young inflorescences and fixed for 24 hours in a standard Farmer's 
solution of three parts 100% ethanol to one part glacial acetic acid 
(1:1). Buds were rinsed in two washes of distilled water and stored 
in a solution of 70% ethanol. They were kept as cool as possible and 
refrigerated upon returning to the laboratory.
No field work was conducted for Saivia 1 i b a n e n s  i s , which is 
restricted in its distribution only to the state of Magdalena in 
northern Columbia. Therefore, studies of this species are limited to 
existing herbarium materials.
B. HERBARIUM STUDIES
All available loan specimens of the taxa in sect. E r y t h r o s t a c h y s ,  
including types, were obtained from the following herbaria:
British Museum (Natural History) (BM)
Field Museum of Natural History (F)
Gray Herbarium of Harvard University (GH)
Jardin Botanique National de Belgique (BR)
Lundell Herbarium (LL)
Michigan State University, East Lansing (MSC)
Missouri Botanical Garden (MO)
New York Botanical Garden (NY)
Royal Botanic Garden (K)
Sul Ross State University (SRSC)
United States National Herbarium (US)
University of California, Berkeley (UC)
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University of California, Los Angeles (LA in ÜC)
University of Texas, Austin (TEX)
Morphological characters were assessed using exsiccatae comprised of 
herbarium loans and newly collected material. A total of 625 
different collections were examined. Of these there were 151 
collections of Saii/ia r e g i a  ̂ 17 of S# b e t u l i f o l i a  var. b e t u l i f o l i a ^  
two of S, b e t u l i f o l i a  var. chasseaa, 22 of S. pubescens, 89 of
S. sessei and three of S. libariensis, A listing of morphological 
characters which were examined and statistically analyzed is presented 
in Table 1.
The number of specimens, as well as minimum and maxium values, 
mean, standard error of the mean, standard deviation and coefficient 
of variation for each character were computed using the frequencies 
program of the Statistical Programs for the Social Sciences (SPSS*) 
computer package (Nie et al. 1983) for each of the 29 populations I 
collected. These statistics were used to analyze variation within 
each population. The same statistics were calculated for each taxon 
to analyze variation between taxa using herbarium specimens and field 
collections. The one-way analysis of variance (anova) program and a 
Scheffe's range test from the SPSS* computer package were used to 
identify significant mean value differences for each quantitative 
character at the 95% confidence interval. These tests compared all 
possible pairwise combinations of taxa and identified where 
significant differences occurred.
Forty-five discrete and 88 continuous variables (Table 1) were 
measured for each specimen. Since some characters are likely to be
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controlled by the same genes (Sneath and Sokai 1973), principal 
component analysis (PCA) correlation coefficients for pairs of 
characters were analyzed to determine which set of characters 
minimized overemphasis of particular genes. Thus, the list of 
characters used in the analysis is a subset of the total number of 
characters measured. The SPSS’* discriminant analysis program was used 
to show visually the morphological relationships among the taxa.
III. CYTOLOGICAL STUDIES
1. Meiotic Chromosome Counts
Flower buds were dissected from young inflorescences fixed in the
field and chromosome counts were obtained using the following modified
aceto-carmi ne smear technique (Radford et al. 1974):
1. Flower buds were placed in a small dish of water for two minutes 
for rehydration.
2. Anther sacs were dissected from the flower buds and placed on a 
glass slide with a drop of 45% aceto-carmi ne solution.
3. The head of an iron nail was used to squash and stir the anthers 
into the stain. Iron released from the nail acts as a mordant for 
the staining reaction.
4. The slide was passed over the flame of an alcohol lamp until the 
bottom of the slide was too hot to touch, in order to 
differentiate the stain. Another drop of aceto-carmine was added.
5. Alternate stirring of anthers in the stain and heating continued
for two minutes until the stain became rust-colored.
6. A coverslip was placed over the material and the slide was scanned
18
with a Zeiss standard microscope for pollen mother cells in 
meiotic metaphase I or diakinesis. These two stages of meiosis 
were most useful in determining the number of chromosomes in a 
cell.
7. Slides with cells exhibiting appropriate stages of meiosis were 
placed between two pieces of bibulous paper to remove excess 
stain. Using a flat pencil eraser, pressure was gently applied 
uniformly over the entire coverslip area. To flatten cells 
further, I firmly pressed the coverslip with my thumb. Slides 
were scanned again with phase contrast optics. Camera lucida 
drawings, as well as photographs were made of cells in the 
appropriate stages of meiosis.
To make the slides permanent, the Conger dry ice method (Radford 
et al. 1974) was used with the following modification. Three alcohol 
baths were used instead of two, with two baths of 95% alcohol and one 
bath of 1007. ethyl alcohol.
2. Pollen Stainability
Although pollen stainability is not a direct measure of pollen 
viability, it does show which pollen grains take up stain, indicating 
the presence of cytoplasm, and presumably functional pollen grains 
(Stebbins 1950). Conversely, cells which do not stain indicate the 
absence of cytoplasm and non-functional, inviable grains.
Aceto-carmine in glycerine jelly (Radford et al. 1974) was used as 
staining and mounting medium. Percent pollen stainability was 
established by counting the number of pollen grains stained out of 100
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for each population. Five populations were evaluated for each of the 
problematic taxa.
3. Pol 1 en Size
For comparison among species, length and width measurements of the 
polar and equatorial aspects of pollen grains were measured using a 
Zeiss standard microscope from five populations of each of the taxa, 
except Salvia I i b a n e n s i s . Measurements were taken after the pollen 
grains had been stained as above.
4. Guard Cell Length
Lengths of guard cells may be correlated with changes in 
chromosome numbers; polyploids tend to have longer guard cells than 
diploids (Stebbins 1950, 1971). Epidermal casts were made from the 
leaves of dried specimens for all taxa, except Saivia iibanensis, 
using the cellulose acetate film method developed by Payne (1970).
CHAPTER III
RESULTS AND DISCUSSION
A. MORPHOLOGICAL AND ANATOMICAL STUDIES
A list of all characters examined from field-sampled populations 
and herbarium loans are presented in APPENDIX A . Descriptive 
statistics for the 59 continuous and 33 discrete characters examined 
for each of the five taxa are compiled in APPENDIX C .
1. Tests For Normality
Morphologic character variation data were evaluated using 
principal component analysis (PCA), analysis of variance (anova), 
coefficient of variation (C.V.) and discriminant analysis. Because 
normally distributed data are required for anovas and C.V.'s, 
normality tests were conducted to determine the distribution pattern 
of the data for each continuous character examined. The tests of 
normality used include normal and detrended probability plots. These 
tests are incorporated in the SPSS* multivariate analysis of variance 
and covariance (manova) program (Nie et al. 1983).
In a normal probability plot, normally distributed data tend to 
form a straight line, while detrended normality plots display the 
deviation of each point from the normal expected value (Sokal and 
Rolf 1981). For normally distributed data, the points will cluster 
about zero. An example of normally distributed data is presented in 
Figure 3. Application of these tests of normality to quantitative
character data for this study showed normal distributions for all
20
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Figure 3. Normal probability plot (A ) and detrendsd normal plot (B) 





2 . 4  -
0)











10 — I20 — I30
_ . U
40






- 0 . 3  —
- 0.6
co  I
- 0  .9  -
5




r  ’ i
,1:1
- T . 5  - .
“I ■
10
I20 30 4 0
SBWI
variables, except pubescence characters. vestiture characters 
including density and length lacked normal distributions viable 1) and 
subsequently were treated as qualitative characters with discrete 
frequency classes, except in PCA and discriminant analyses, which do 
not require normally distributed data (Nie et al. 1983).
2. Redundant and Problematic Characters
Ini tally, 133 characters, including 85 continuous and 48 discrete 
(Table 2) were assessed for each specimen examined. Principal 
component analysis (PCA) was applied to the 85 quantitative 
characters. Correlation coefficents for pairs of characters were 
analyzed to determine which set of characters minimized overemphasis 
of particular genes due to possible pleiotropy. Because of the large 
number of characters assessed, PCA programs initially had to be 
executed on vegetative and floral characters separately for each 
problematic taxon (APPENDICES D and E). Subsequently, redundant 
characters were eliminated. After a smaller subset of the original 
characters was achieved, PCA was executed again on data for each taxon 
and included vegetative and floral characters together (APPENDIX F). 
Principal component analysis was not executed for Salvia libanenziz, 
because it was represented by only three populations. In correlation 
analysis the null hypothesis is that there is no correlation, thus 
values over 0.05, which represent the 95% level of significance 
support the null hypothesis, A value less than 0.05 rejects the null 
hypothesis; thus, there is a correlation. For the most part, values 
below 0.05 from the significance matrix corresponded with a
Table 1. Non-normaliv distributed characters.
UPPER STEM PUBESCENCE:
Density for side A    (LPDNA)
Length for side A........ (LPL6A)
Density for side B L P D N B ) 
Length for side B........ (LPLGB)
INFLORESCENCE STEM PUBESCENCE:
Density for side A .......(IPDNA)
Length for side A . I P L G A )
Density for side B .......(IPDNB)
Length for side B I P L G B )
PETIOLE PUBESCENCE:
Adaxial density.........(PADN)













Posterior branch density-<SPPDNi 
Posterior branch length..(SPPLGG 
Anterior branch density..(SPADN) 
Anterior branch length...(SFALG)
LEAF PUBESCENCE:
Upper surface density...(LPUDN) 
Upper surface length....(LPULG) 
Lower surface density...(LPLDN) 
Lower surface length....(LPLLG)
NUTLET PUBESCENCE:
Densi t y...........   (NPDN)
Length  ....................(NPLG )
FLOWERING CALYX PUBESCENCE:
Outer density............ (CPQDN)
Outer length  ...... (CPOLG)
Inner density............ (CPIDN)
Inner length............. (CPIL6)
Table 2. Morphological characters examined. * = redundant, 









♦ LPDNA Density on side A
* LPLGA Length on side A
* LPDNB Density on side B
* LPLGB Length on side B •
Inflorescence stem pubescence:
IPDNA Density on side A
IPLGA Length on side A
IPDNB Density on side B
IPLGB Length on side B
Petiole pubescence:
PADN Adaxial density




* SPPLG Petiole length
* SPLG Length
* SPWI Width
♦ SPLGWI Length:width ratio
Uppermost leaf:












LPUDN Upper leaf surface density
LPULG Upper leaf surface length
LPLDN Lower leaf surface density
LPLLG Lower leaf surface 1 eng th
FLORAL
Inf 1 orescence!
LGFBP Length of flower-bearing portion
* VTD Length between top verticillaster nodes
VBD Length between bottom vertici 11asteer nodes


































CTLGWI Length:mouth width ratio
CTWIWI Mouth width:base width ratiio
* ULLG Upper lip length
LLLG Lower lip length






































Length:mouth width ratio 






























Ascendant connective length 
Anther length 
Staminodia length 
Staminodia pubescence density 
Staminodia pubescence length 
Posterior style branch length 
Anterior style branch length 
Posterior style branch pubescence 
Posterior style branch pubescence 
Anterior style branch pubescence 
Anterior style branch pubescence



















Uppermost stem pubescence orientatioin 
Inflorescence stem pubescence orientation 
Terminal stem condition






















































Number of flower nodes
Number of leaf nodes below inflorescence
Number of calyx veins 
Outer calyx pubescence presence 
Outer calyx pubescence orientation 
Inner calyx pubescence presence 
Upper calyx lip apex shape 





















Fruiting calyx tube shape 
Fruiting calyx tube side shape 
Calyx mouth shape




Galea pubescence orientation 
Median lower lobe shape 
Lateral lobe shape 
Rudder shape
Style pubescence presence 
Nutlet shape




correlation coefficent greater than 0.40.
APPENDICES D . E and F present information on pairs of characters 
with correlation coefficients greater than 0.40, as well as factor 
loadings on an orthogonally rotated factor matrix for each of the four 
problematic taxa. Table 3 lists highly correlated pairs of 
characters, and indicates that the member of a correlated pair denoted 
with a plus was retained.
To evaluate the initial 48 discrete characters, a series of coded 
character states was assigned and the frequencies of each state were 
assessed for each character. Certain discrete characters were 
associated with problematic continuous characters which had been 
eliminated. An example of a discrete character which was eliminated 
for its association with eliminated continuous characters is upper 
stem pubescence orientation (LPDR). Since the upper stem pubescence 
continuous characters were eliminated because of association with 
inflorescence stem pubescence characters, the associated discrete 
character LPDR also was eliminated. Similarly, the number of nodes of 
leaves (NUMNL) was eliminated for its association with the eliminated 
continuous character length of stem below inflorescence (LGSB).
Another example of redundancy is inflorescence crowding (IC), 
which was taken into account when the inflorescence shape (ISH) 
classes were established. Thus, IC was eliminated and ISH was 
retained. Similarly, fruiting calyx tube shape (FTSH) and corolla 
tube shape (CTSH), incorporate fruiting calyx tube mouth shape (CM) 
and corolla base shape (CBSH), respectively. Thus, the characters CM 
and CBSH were eliminated from analysis. Since the upper flowering
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Table 3. Highly correlated characters. + = character retained.
CORRELATED CHARACTER PAIRS
STEM PUBESCENCE:
Density on side A (LPDNA) 
Length on side A (LPLGA) 
Density on side B (LPDNB) 
Length on side B (LPLGB)
Density on side A (IPDNA+) 
Length on side A (IPLGA+) 
Density on side B (IPDNB+) 
Length on side B (IPL6B+)
PETIOLE PUBESCENCE LENGTH:




Length:width ratio (BCLGWI+) 
Length:width ratio (BCLGWI+)
DISTANCE BETWEEN VERTICILLASTER NODES:
Top vertici 11 asters (VTD)
FLOWERING STEM:






Upper length:lower length 
ratio (ULLL)
Bottom vertici11 asters (VBD+)
Length of flower-bearing portion 
(LGFBP+)




lobe lengthMedian lower 
(MLBLG)
















calyx lip apex shape (ULAPX) and lower calyx lip apex shape (LLAPX) 
proved identical, only ULAPX was retained.
An evaluation of the leaf characters in the inflorescence proved 
difficult because leaves of different specimens and taxa exhibited 
various developmental stages. Those inflorescence leaf characters 
which were eliminated from further analysis include: petiole length
(SPPLG), length shape (SPLGSH), width shape (SPWISH), curved edge 
presence (SPCC), apex shape (SPAPX), base shape (SPBAS), margin 
(SPMAR), length (SPLG), width (SPWI) and length:width ratio (SPLGWI). 
Pubescence characters found diffucult to assess accurately and which 
were subsequently eliminated from all analyses included: inner calyx
surface pubescence density (CPODN), galea pubescence orientation 
(GPDR), staminodia length (SMLG), staminodia pubescence length 
(SMPLG), staminodia pubescence density (SPADN), and nutlet pubescence 
length (NPLG). Gynobase length (GHLG) was also eliminated.
To summarize, the original 133 characters examined were reduced to 
92. Table 2 lists the initial 133 characters examined, and shows the 
59 quantitative and 33 qualitative characters retained to evaluate the 
variability within and between taxa.
Standard systematic studies usually do not permit analyses of more 
than one individual per population, as herbarium loans often do not 
include duplicate specimens from a single collection. Generally, this 
problem is ameliorated by examining a large number of specimens from 
herbarium loans. In addition to this, I also examined five specimens 
from each population I collected in the field in order to compare 
intra- and interpopulational varabiiity for each taxon. The compiled
results are presented in APPENDIX C . To compare the ranges of 
variation between populations, the amount of overlap of the 95% 
confidence intervals (C.I.) of the means were compared among 
populations representing each taxon. If there is no overlap of the 
95% C.I. of the means for a variable between populations of the same 
taxon, the population mean values are significantly different at the 
0.05 level for that character. The taxon then would be composed of 
significantly different populations, at least as sampled in the field.
A comparison of each of the 95% C.I, of the means for each of the 
59 continuous characters examined from 29 populations, revealed only 
three instances out of 1711 comparisons where the 95% C.I. of the 
means for a population did not overlap with any other population in 
the taxon. Thus, the individual field-sampled populations within each 
of the four problematic taxa are very similar. The three cases where 
no overlap between 95% C.I. of the means was observed occurred in 
S a i v i a  b e t u i i f o l i a  and S. p u b e s c e n s . In two of these three cases, 
there was also no overlap of the ranges of the two characters. These 
two taxa were represented by only three and four populations, 
respectively. Lack of overlap may be explained by small sample sizes 
for these two taxa.
An evaluation of the possible bias of using one specimen as 
representative for each herbarium loan population was undertaken. A 
comparison was made among the four field-collected species between 
field-sampled populations, with five specimens examined for each 
population, and herbarium loan populations from which only one 
specimen was examined from each population. A comparison of the 95%
C.I. of the means for each of the 59 continuous characters for each of 
the four species revealed 11 cases, 4.5%, out of a 236 comparisons in 
which the 95% C.I. of the mean did not overlap between field-collected 
species and herbarium loan species. However, in all the cases the 
amount of non-overlap of the 95% C.I. of the means was negligible. 
There was considerable overlap of ranges and 95% C.I.'s of the 
standard deviations between the two groups. Thus, the amount of 
variation in the two groups is similar.
To determine whether the field-sampled populations or herbarium 
loan populations had the widest variation, a comparison of their 
ranges for the 59 continuous characters was made for each of the four 
problematic taxa. Fifteen instances (6.4%) out of 236 comparisons 
revealed ranges with either lower minimums or higher maximums for taxa 
from field collections. However, the wider ranges in these cases are 
minimal for the most part. Seven of the cases occurred in Salvia 
s e s s e i ^ which had the largest field-collected sample size (15 
collections). Five cases involved the length and width of the 
uppermost leaf, while four cases concerned measurements of the 
inflorescence. For the most part, herbarium loan populations, with 
larger sample sizes, accounted for more of the range of species 
variation than did field collections, with smaller sample sizes.
3. Synthet i c and Pi aqnost i c Characters
To identify synthetic and diagnostic quantitative characters, the 
SPSS* one-way analysis of variance (anova) program with a Scheffe's 
test (Nie et ai. 1983) was conducted on each normally distributed
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continuous character measured from field-collected and herbarium 
specimens. Analysis of variance can be used to test whether two or 
more sample means from different populations could have been obtained 
from populations with the same parametric mean (Snedecor 1930). It 
provides a null hypothesis that population means are equal. The 
p-distribution is the significance test used by anova. It tests the 
null hypothesis that two independent sample variances are estimates of 
the same variance. Thus, anova was used to compare populations with 
respect to each continous character examined.
Since the anova only indicates significant differences, i.e., does 
not indicate which taxa had significantly different mean values from 
other taxa, Scheffe's range test was used in conjunction with each 
anova. The Scheffe's test is a conservative test which compares all 
possible pairwise combinations of taxa. Differences between each of 
the four problematic taxa for each character were identified as 
significant at the level of 0.05 and above. Thus, anovas and 
Scheffe's tests indicated which taxa had significantly different mean 
values from the other taxa. Table 4 displays each of the 37 normally 
distributed characters examined and each of the six possible pair 
combinations for the four problematic taxa.
The anovas and Scheffe's tests indicate that no significant 
differences exist between any of the four problematic taxa with 
respect to eight of the 37 continuous characters (Table 5). These 
synthetic characters are those for which all the taxa are similar and 
exhibit no significant variation. Synthetic discrete characters were 
those which had the same value for all taxa examined. Table 5 also
Table 4. Significant 
with a Scheffe's test 
P = £. pubescens, S = 
taxa pair.
differences from one-way analysis of variance 
Taxa: R = S. regia, B = S. b e t u i i f o l i a ^
S. sessei, + = significant difference between
mRACTER R - B R - P R - S B - F B - S S - P #SIG.DIF
HT + + 2
SBPLG 0
SBLG + + + + + 5
SBWI + 1
SBLGWI + + + + + 5
BTPLG + + + + 4
BTLG + + + + + + 6
BTWI + + + + 4
BTLGWI + + + 5
LGFBP + + + 3
VBD + + 2
BCLGWI + I
CTLG + + + 3
CTTWI + + + + 4
CTBWI + + + 3
CTLGWI + + + 3
CTWIWI + + 2
ULLG 0
FTLG + + + + 4
FTTWI + + + 5
FTBWI + + + 3IFTLGWI +
FTWIWI 0












SPBLG + + 2
SABLG + + T
SFALG + + + + 2




+ + + + 4
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Table 5. Synthetic characters.
QUANTITATIVE CHARACTERS:
Uppermost leaf petiole length 
Flowering calyx tube lip length 
Galea length 
Free filament length 
Rudder length
Ascendant connective length 
Anther length
QUALITATIVE CHARACTERS:





lists the five qualitative characters which showed no significant 
variation among taxa. Thus, 12 synthetic characters were identified.
These synthetic characters are important in showing that the taxa 
under investigation form a natural group. Seven of the 12 are floral 
characters, suggesting the strong selective force exerted by 
pollinators in the stabilization of morphological variation. Of the 
nine continuous vegetative characters examined from anovas and 
Scheffe's tests only one (11.17.) was synthetic, ie., had no 
significant differences for ail six pairwise combinations. In 
contrast, seven out of 19 (36.87.) continuous floral characters were 
synthetic. My results corroborate Epling's (1939b), who noted that 
the flowers of ail the taxa in sect. E r y t h r o s t â c h y s are similar. 
Indeed, Epling did not use any corolla characters in his keys to the 
species in this section.
The anovas and Scheffe's range tests elucidated a total of 29 
out of 37 continuous characters as having significant differences 
between various pairs of taxa. With nine diagnostic vegetative
characters, 19 diagnostic floral characters and six possible pairwise 
combinations of taxa, there are 54 possible significant vegetative 
differences and 114 significant floral differences. Of the 
significant differences between mean values for diagnostic continuous 
characters, 61.1% are vegetative and 43.9% are floral. Thus, most of 
the diagnostic characters are vegetative. Table 6 lists the four most 
diagnostic continuous characters, in that five or six significant 
differences exist out of six pairwise combinations for the four taxa
Table 6. Diagnostic characters.
QUANTITATIVE CHARACTERS;
Upper leaf length
Upper leaf length to width ratio
Median cauline leaf petiole length
Median cauline leaf length
Median cauline leaf width
Median cauline leaf length:width ratio
Flowering calyx tube mouth width
Fruiting calyx tube length
Fruiting calyx tube mouth width
QUALITATIVE CHARACTERS:
Uppermost leaf width shape 
uppermost leaf side shape
Uppermost leaf apex shape
Median cauline leaf length shape
Median cauline leaf width shape
Median cauline leaf apex shape 
Median cauline leaf base shape 
Inflorescence shape 
Fruiting calyx tube shape 
Fruiting calyx tube side shape 
Alternate sulci presence
examined. The eleven diagnostic qualitative characters are also 
listed on Table 6. They were identified as most diagnostic by 
assessing the frequency data in APPENDIX C.
Epling (1939b) believed that calyx characters have the greatest 
diagnostic value for the group. Accordingly, he separated the four 
taxa of sect. E r y t h r o s t a c h y s ,  S a l v i a regia, S . sessei, S. pubescens 
and S- l i b a n e n s i s  primarily by calyx characteristics including calyx 
length, shape, lip apex shape and base shape. In addition, Epling 
used leaf shape and geographical distribution in his key.
Epling s unpublished manuscript from the 1960 s shows that he then 
thought that S a l v i a  p u b e s c e n s should be combined with 3. s e s s e i and 
S, b e t u i i f o l i a  should be combined with S. regia. Thus, in the 
manuscript's key he recognized only S, regia, S. se s s e i and 
S. 1 i b a n e n s i s , He used distribution, as well as petiole length, 
pedicel length and leaf shape to separate the three species.
The synthetic and diagnostic characters that I found taxonoraical1v 
useful from anova information coincide for the most part with those 
which Epling identified in his two treatments. I also found calyces 
to be an important diagnostic characteristic in differentiating the 
taxa of this section.
4. Character Vari at i on Patterns
Variation for different characters within a taxon, as well as 
variation for the same character among taxa may be compared using the 
coefficient of variation (C.V.), in which the standard deviation of a
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character is divided by its mean and expressed as a percentage. The 
coefficients of variation for each of the 37 normally distributed 
characters are presented in APPENDIX C and selected characters are 
presented on Table 7,
A comparison of the variation in field-collected taxa and those 
studied only from herbarium loan taxa for the 37 characters with 
C.V.'s less than 1007. revealed 17 instances <11.57.) out of 148 in 
which the C.V.'s of the field-sampled taxa were greater than the 
herbarium loan taxa by at least 57.. One might expect the 
field-collected populations to have higher C.V.'s for each character 
since they have smaller sample sizes which often coincide with larger 
standard deviations, thus higher C.V.'s. However, since five 
specimens were sampled from each field-collected population it is 
possible that the group of specimens were fairly similar. This would 
result in small standard deviations, and thus smaller C.V.'s than 
herbarium specimens. Indeed, the C.V.'s for herbarium loan taxa are 
generally greater than those for field-collected taxa, possibly due to 
the greater sample size of the herbarium loan taxa.
A comparison of coefficients of variation from herbarium taxa 
revealed that vegetative characters, with an average C.V. of 48.6%, 
had more variability than floral characters, with an average C.V. of 
29.07.. The most variable were characters associated with pubescence, 
while the least variable characters were associated with the corolla.
Sai^ia regia, with the widest distribution of all the species had 
an average C.V. of 29.9%, indicating that it is the most variable of
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Table 7, Coefficients of variation for selected characters.
RES = S. regia, BET = S. betuiifolia, PUB = S. pubescens,
SES = S m sessei, LIB = S. iibanensis. Numbers are presented as 
percentages, APPENDIX A contains an index to character names.
CHARACTER REG BET PUB SES LIB
BTPL6 33 27 51 29 48
BTL6 29 25 30 21 30
BTWI 26 28 29 29 22
ETLGWI 18 23 17 17 25
PLG 34 24 30 27 55
CTLS 16 18 12 14 19
CTTWI 12 21 16 17 03
CTBWI 25 19 20 27 16
CTLGWI 17 19 20 21 17
ULL6 29 32 26 28 31
L6FBP 82 45 57 53 25
CTLGG 18 14 17 16 —
GLG 15 16 14 15 — —
MLLLG 17 17 13 17 —
MLLWI 15 27 19 16 — —
FFLG 21 21 20 13 —
RLG 14 15 13 12 — —
ACLG 14 09 15 13 ——
ALG 14 12 08 15 — —
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the four problematic taxa. Sai/ia s e s s e i , with the second widest 
distribution, had the second highest average C.V. of 25.5%. The 
average C.V. was 23. 97. for S. b e t a î i f o l i a  and 25.0% for S. pubescent.
5. Evaluat i on of S a iv i e b e t u i i f o l i a var. chasmema
Reveal and Hess (1972) described Sali/ia betuiifolia var. 
chasaema. This variety is known only from two collections, deyeai & 
Hess 3037, and R e v e a l , H e s s & Kiger 2746, both in western Durango.
To evaluate the relationship between 5. betuiifolia var. c h a s a e a a and 
S. b e t u i i f o l i a  var. b e t u i i f o l i a , comparisons of morphological data 
between the two taxa were made. An inherent problem in this 
assessment was the small sample size of S . b e t u i i f o l i a var. cftasieaa.
In the original description of S a l v i a  b e t u i i f o l i a var. c h a s a e a a , 
it is distinguished from S. b e t u i i f o l i a  var. b e t u i i f o l i a as follows:
"A var. b e t u i i f o l i a corolliis longioribus 4--S.5 cm longis (nee 3.4--4 
(4.5) cm longis), calycibus grandioribus 17--25 mm longis (nec 13— 19 
mm longis) differt." [From var. betuiifolia it differs by longer 
corollas, 4— 5.5 cm long (not 3.4— 4 (4.5) cm long)]. In addition to 
the circumscription of var. c h a s a e a a , Reveal and Hess further 
distinguished the new variety on the basis of several other 
characteristics such as elevation, blooming dates, leaf size and 
pubescence density.
Although Reveal and Hess stated that S a l v i a  b e t u i i f o l i a var. 
chasaeaa occurs at higher elevations, 6000--S5Û0 ft. (2462--2615 m), 
than S- b e t u i i f o l i a  var. b e t u i i f o l i a , which they believed to occur
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from 6000— 7500 ft- (1846— 2306 m ), I found that S- b e t u i i f o l i a var. 
detuiifoiia grows at elevations ranging from 1585 to 2438 m . Thus, 
there is little elevational difference between the two taxa.
Regarding the purported earlier flowering time of Sai/ia 
b e t u i i f o l i a  var. chasmema (August to September) than S- b e t u i i f o l i a  
var. b e t u i i f o l i a  (September to November), the 17 populations of 
S- betuiifolia var. betuiifolia which I have seen show that it blooms 
from June to October. Indeed, the allegedly more restricted blooming 
time for var. cbasmema could be a function of limited collecting 
during only two months. Attempts should be made to collect var. 
c h a s a e a a over a longer period.
In order to compare Epling s circumscription of S. b e t u i i f o l i a
var. b e t u i i f o l i a  with Reveal and Hess's circumscription of
S. b e t u i i f o l i a var. c h a s a e a a ^ statistical tests were conducted on 
morphologic data from the two populations of S, b e t u i i f o l i a var. 
chasaeaa and three of the populations of S. betuiifolia var, 
b e t u i i f o l i a  that Epling referred to in his original description of
S, b e t u i i f o l i a  (Palmer 477, P a l a e r  4 0 4 and K n o b l o c h  5833). The data
for these populations are presented in APPENDIX B.
Because of the small sample size, use of anovas and Scheffe's 
tests was precluded; rather, T-tests were employed (Nie et al. 1983). 
T-tests require normally distributed data and the null hypothesis (Hq) 
is that the two population means are the same. A significance level 
of 0.05 was set for testing the null hypothesis. This is the smallest 
probability that would be accepted as reasonable, i.e., due to chance 
or sample variability. A t statistic is computed and if its
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probability is smaller than the significance level set (0.05) then Hq 
is rejected. Conversely, if t is over 0.05, Ho is accepted.
T-tests were conducted on the 22 characters (10 vegetative and 12 
calyx) with no missing data. Due to missing data, corolla characters 
could not be used in the T-hests. There were no significant 
differences found between the two taxa using these characters.
In another analysis, the morphologic variation within the type 
collection of SaJyia betuiifoiia (var- b e t u i i f o l i a ) (Palmer 477) was 
evaluated to determine if the pattern of variation exhibited by the 
two populations of S. b e t u i i f o l i a  var. chas we a a was within the range 
of variation for var. b e t u i i f o l i a . For this analysis I took eight 
measurements each of petiole length, leaf blade length, width and 
length:width ratio, and vestiture density from the holotype and five 
isotypes of Palmer 477 (Appendix B ). These data, along with data from
S. b e t u i i f o l i a var. chasmema, were plotted to compare variation 
patterns. Figure 4 shows that S. b e t u i i f o l i a var. cAasmema is clearly 
within the range of variation of var. b e t u i i f o l i a regarding leaf blade 
length, width and upper leaf vestiture density.
The results from a morphological comparison of Salvia b e t u i i f o l i a  
var, chasmema are summarized in Table 3. Reveal and Hess believed the 
corolla of var. chasmema to be longer than that of var. betuiifolia; 
however, a comparison of corolla lengths between var. cbasmema 
(3.0— 3.5 cm) and var. b e t u i i f o l i a  (2.3— 3.5 cm) show that they 
overlap. The ranges of galea length and median lower corolla lobe 
length and width are one millimeter longer for var. c h a s a e a a . Reveal 
and Hess also differentiated var. c h a s a e a a on the basis of longer
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Figure 4. Scatterpiot of S , b e t u i i f o l i a  var- b e t u i i f o l i a  and 
S, b e t u i i f o l i a  var. c h a s a e a a .
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Table 8 . Comparison of morphological features of S, b e t u i i f o l i a var, 
b e t u i i f o l i a  and S . betuiifoiia var. chasmema. Mean (mm) is on the 
first line and range (mm) (in parenthesis) is on the second.
CHASo = original description of S, betuiiftfila var. chasaeaa,
CHASm = according to the two populations of S, b e t u i i f o l i a  var. 
chasaeaa, BETo = original description of S, b e t u i i f o l i a , BETm = three 
representative collections of S. b e t u i i f o l i a  var. b e t u i i f o l i a  cited by 
Epling, BETa = 17 additional collections of S, hetuiifoii'a var. 
h e t u ii f o i i a .
CHASo
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calyces; however, var. chasmema, with calyces ranging from 1.6--2.0 cm 
long is entirely within the range of variation for those of var, 
b e t u i i f o l i a ^  1,1 2.1 cm long. Finally, Reveal and Hess stated that
the leaves of var. chasaeaa are "somewhat larger and more densely 
pubescent, but these features appear to be highly variable in the 
field." Data from leaf measurements and pubescence density for var. 
chasaeaa show it to be fully within the range of var. b e t u i i f o l i a for 
those characters. In summary, a morphological comparison of var, 
chasaeaa and var. b e t u i i f o l i a  shows that var. chasaeaa is not 
morphologically distinct enough to be considered a separate taxon; 
thus, it should be combined with S. b e t u i i f o l i a .
6. Morpholoqical Comparison of Speci es
The following comparison of morphological characteristics among
the five taxa in sect. Er y t hr os t achy s is based on an evaluation of 92 
continuous and discrete characters. Descriptive statistics for the 92 
characters examined from field-sampled populations and herbarium loans 
are presented in APPENDIX C. The 33 discrete characters were assessed 
using the frequency data summarized found in APPENDIX C.
a. Elevation. All five taxa grow in oak-pine woodlands on 
limestone and igneous substrates from 762--3100 m . In general, 
however, they grow at relatively high elevations: Saivia iihanenzis
= 2300 mJ, S. r e g i a (7 = 2000 m), S. b e t u i i f o l i a  GT = 2100 m),
S. s e s s e i (x = 1700 m) and S. p u b e s c e n s (x = 1600 m> .
b. Habit. The species are all robust perennial shrubs ranging to 
four meters in height. Salvia s e s s e i is the largest Cx = 2.9 ra) of
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the four problematic taxa and S. r e g i a (% = 1,6 m ) is the smallest. 
Salxia betuiiToiia (x = 1,9 m ) and S, pubescens <1T = 2,3 ra) are 
intermediate in height, Epling (1939b) recognized S, pubescens as 
■'intermediate in habit with S. r e g i a and S, sessei." Saikia 
iibanensis, known only from three populations, is the smallest Ck ~
1.0 m ) species in the section.
c. Stem, Stems for all taxa are erect. Retr or se trichoines are 
the rule for all taxa, except S a l v i a iibanensis with antrorse 
trichomes. Vestiture density varies on the alternate sulci for
S* r e g i a f £, betuiifolia and S, iibanensis, but was fairly uniform on 
all four sides for 3, sessei and S. p u b e s c e n s . Tr i chôme density was 
greater for 3, sessei, 3. pubescens and 3. iibanensis than for 
3, r e g i a and 3. b e t u i i f o l i a . Comparatively longer trichomes are found 
on 3. p u b e s c e n s f 3. b e t u i i f o l i a  and 3. lib an en sis. The stems for all 
taxa are glandualar-punctate.
d . Leaves. Leaf characters have long been recognized as useful 
diagnostic characters for sect, frytbrostacbys (Plate 6), Epling 
(1939b) used leaf shape in his key to the section to distinguish 
S a l v i a regia, with deltate to kidney-shaped leaves, from 3, sessei and 
S. pubescens, with ovate-acuminate leaves. In his unpublished 
manuscript he again differentiated among the taxa on the basis of leaf 
shape. I also have found leaf characteristics to be very useful in 
distinguishing among the taxa in this section. Median cauline leaves 
vary in shape from lanceolate to ovate to deltate or reniform. The 
leaves of 3. s e s s e i are generally ovate (length:width ratio = 2.2:1), 
The broadly ovate leaves of 3. p u b e s c e n s  (length:width ratio = 1.7:1)
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and S, b e t u i i f o l i a  (length:width ratio = 1.5:1) are similar, as are 
the deltate leaves of S . 1 i b a o e n s i s (length:width ratio = 1.3 :1) and 
S. r e g i a (length:width ratio = 1.1:1),
Leaf apices range from acute to mucronate or acuminate to caudate. 
Those of Saixia libartensis are caudate. The leaf apices of S. sessei 
and S. pubescens are acuminate to caudate, while those of S . regia and 
S. betuiifolia are acute to acuminate. Leaf base shapes range from 
cordate, cuneate, rounded to truncate. The truncate or rounded leaf 
bases of 3. b e t u i i f o l i a  and S. r e g i a differ from the cuneate to 
rounded leaf bases of S. pubescens and S. sessei. The cordate leaf 
bases of S. iibanensis are distinctive for the section. Leaf margins 
are serrate above the midpoint for all taxa; in contrast, below the 
midpoint the leaf margins range from entire to crenate to serrate.
The crenate to serrate leaf margins of S. regia, S. b e t u i i f o l i a  and 
3. pubescens differ from the leaf margins of S. sessei, which are 
entire below the midpoint and serrate above the midpoint. The serrate 
margins of S. I i b a n e n s i s  are distinctive.
The median cauline leaf lengths are significantly different for 
each of the taxa; thus, it is the most diagnostic character. All five 
taxa have significantly different median cauline leaf widths, except 
for the Saivia r e g i a — S. b e t u i i f o l i a  comparison and the 
S. betuiifoiia--S. p u b e s c e n s  comparison. Sairia iibanensis has the 
largest leaves, with an average length of 11.2 cm and width of 6.6 cm. 
It is followed by S, s e s s e i with leaves averaging 8.4 cm long and
4.0 cm wide. Median cauline leaves of Saikia pubescens are 5.4 cm 
long and 3.2 cm wide, followed by 3, b e t u i i f o l i a  with an average leaf
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length of 4,0 cm and width of 2.8 cm. The leaves of 3. regia are the 
smallest of the section, with an average length of 2.B cm and width of 
2.6 cm.
Vestiture trichome density is not significantly different between 
upper and lower leaf surfaces, but it does vary significantly between 
taxa. S s î v i û  l i b a u e n s i s  has the highest average trichome density, 
followed by S. p u b e s c e n s . SaJt'ia s e s s e j and S . b e t u i i f o l i a  are 
similar, with lower trichome density. Saikia regia has the lowest 
density. The more pubescent taxa have relatively longer pubescence. 
The abaxial face of the leaves of all taxa is glandular-punctate.
Epling, in his unpublished manuscript, used the long petioles of 
Saikia iibanensis to distinguish it from S. s e s s e i and S, regia. My 
results concur with Epling s recognition of the diagnostic value of 
petiole length. The longer petioles of S. Iibanensis (7 = 7.7 cm) 
easily separate it from the other taxa, which can be split into two 
groups of two. Saikia regia (“  = 1.0 cm) and S, befuiifoiia 
(7 = 1.2 cm) are not significantly different in petiole length and 
neither are S, pubescens (7 = 1.6 cm) and S.sessei ili = 1,9 cm).
Petiole vestiture varies within the section. Petiole vestiture 
density and length for Saikia iibanensis, S. sessei and S, p u b e s c e n s  
is fairly uniform on the adaxial and abaxial sides. For S. re g i a and 
S. b e t u i i f o l i a  petiole vestiture is denser on the adaxial face than on 
the abaxial face.
e. Inflorescences and Flowering Axes. The inflorescence is a 
reduced 1— 5-flowered cymule with 2 cymules per node 
(= v e r t  ici 11 aster). Cymules are 1— flowered for all taxa except
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bàî V i a I i b a n e n s i s which is 2 —  5-flowered. Flowering axes shape varies 
from few-flowered raceme-like displays to much-branched panicle-like 
displays (Fig. 5). The raceme-like inflorescences of S a l v i a  
I i b a n e n s i s , which average 19 cm long have about 11 nodes of flowers 
per flowering axis, are easily distinguished from those of other taxa. 
The terminal, few-flowered raceme-like inflorescences of S, regia, 
which average 1.7 cm long, are also significantly different from other 
taxa. The inflorescences of S, s e s s e i , with an average length of 4.3 
cm, form large panicle-like displays and are fairly similar to the 
branched inflorescences of S. b e t u i i f o l i a  and 3. pubescens with 
average inflorescence lengths of 4.7 cm and 3.7 cm, respectively. The 
number of flowering nodes per axis of S. b e t u i i f o l i a (*x = 6.5) and 
S. p u b e s c e n s ("x = 5.3) are also similar to S. sessei (“x = 6.1).
Epling (1939b) discussed the inflorescences of S a l v i a regia,
S. s e s s e i and 3, pubescens as follows, "In inflorescence, also,
S. p u b e s c e n s  occupies an intermediate position. The flowers of 
S. r e g i a are on usually short (Z--3 cm) branchlets, produced in the 
upper leaves. Those of 3, pubescens are similar but are crowded more 
in the upper axils, the leaves of which are more reduced. In 
3. sessei a distinct panicle is formed." The results of my study 
concur with Epling's assessment of the inflorescences.
Regarding leaves in the inflorescences, I found that they range 
from absent to reduced to essentially like typical cauline leaves. 
Leaves are absent in the inflorescences of Salvia iibanensis and 
lacking to sometimes reduced for S. sessei. Leaves in the 
inflorescences of S. p u b e s c e n s and 3. b e t u i i f o l i a  are absent to
Figure 5. Flowering axis types for sect. E r y t h r o s t A c h y s .
A = raceme-like display of 3. l i b a n e T i s i s , B = few-flowered 
raceme-like display of S. regia, C = branched panicle-like display of 




reduced, while those S, regia are reduced or essentially like the 
cauline 1 eaves.
T. Calyces. Epling (1939b) clearly believed calyx characters to 
be most diagnostic tor the group. Accordingly, the four taxa of sect. 
Er y t hr os t Achy s f S a l v i a regia, S. sessei, S. pubescens and 
S. iibanensis were separated by calyx characteristics including tube 
length, shape, lip apex shape and base shape. He separated 
3, libajieTisis^ with a comparatively longer calyx and acute calyx lips, 
from the other taxa, which exhibit shorter calyces and obtuse calyx 
lips. Epling also recognized the subglobose calyces of 3. sessei as 
distinct from those of 3. p u b e s c e n s  , which are f1ared-funnelform,
i.e., flared above the middle and narrowed at the base.
Epling (1939b) stated, "...the calyces of Saiyia sessei seem
constantly rounded at the base and quite glabrous; those of 3. re g i a
and 3. pubescens [are] narrowed toward the base and thinly pubescent. 
Those of S. r e g l a ^ however, tend to be more regularly funnel-shaped 
and are narrower in proportion; those of S. pube seen s tend to flare 
rather abruptly above the middle."
Epling apparently resolved his confusion concerning the nature of
S a l v i a  p u b e s c e n s  by combining it with S. sessei in his unpublished 
manuscript from the 1960 s. He also put 3. betuiiî'oiia into synonymy 
with S. r e g i a in this treatment. However, in this manuscript he 
failed to mention calyces. Through anovas and discrete character 
evaluations, I have found calyces to be an important character in 
differentiating among the taxa in this section.
Flowering calyx tubes vary in shape from funnelform, flared
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■funnelform, campanulate to subglobose (Plate 6 ) . The funnelform 
calyces with straight sides are similar for SaJyja regia and 
o . b Q t a i i i o l i a ^  while calyx shape for S- pubescens is distinctively 
flared above the middle and narrowed toward the base. The subglobose 
calyces of S, sessei are also diagnostic.
Flowering calyx tube length is also useful for distinguishing 
among the taxa. Calyces of Saiyia sessei are longer Ix" = 16 mm) and 
have wider mouths (T = 12 mm) than any of the other taxa. Flowering 
calyx size of S. iibanensis, with an average length of 15 mm and width 
of 13 mm is rather similar to that of 3, sessei; however, the calyx 
tube shape of S. iibanensis is much different. The flowering calyces 
of S. b e t u l i f o i  ia are significantly different from those of S. r e g i a  
in average length and width (IT = 12 mm and 8 mm, respectively). 
However, they are not significantly different from those of 
3. pubescens ("x = 13 mm and 9 mm, respectively). The average length 
and width of the flowering calyces of S. pubescens are not 
significantly different from those of S. r e g i a and S. b e t u l i f o i i a .
The fruiting calyx tube character evaluations are similar to those of 
the flowering calyx tubes.
Calyx pubescence varies within the section from rather glabrate 
for S a i v i a sessei to densely pubescent for 3. iibanensis. Indeed, the 
outer calyx pubescence density is significantly different for all taxa 
except 3. r e g i a and 3- b e t u l i f o i i a . The calyx pubescence density for 
3, p u b e s c e n s is intermediate between S. b e t u l i f o i i a  and 3. 1 i b an en s i s . 
Calyx tubes are glandular-punctate for all taxa.
C a l y x  l i p  a p i c e s  f o r  S a i v i a  Î i b a n e n s  is a r e  a c u t e ,  b u t  a r e  obtuse
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■for the other taxa. The upper lip lengths for ail the taxa have a 
mean of 3.7 mm and are not significantly different, except
b . 1 i b a n e n s  is with a mean of 6.1 ram.
Qne of the several ways by which Epling (1939b) distinguished 
Sail*'! a I i b a n e n s i s from the other taxa was by pedicel length. My own 
observations, as well as the anovas, corroborate Epling's notion; 
thus, pedicels of S. Î i b a n e n s i s Cx = 13 mm) are significantly longer 
than those of the other taxa, which do not exhibit significant 
differences.
g . Flowers. Epling (1939b) stated that "the flowers of all 
(Saikia r e g i a ,  S, s e s s e i ,  S, p u b e s c e n s and S. Iibanensis) are 
similar." My results corroborate his (Plate 6). Corolla throat 
shapes for the group range from flared to gibbous or even ventricose. 
The corolla throats of S. s e s s e i and S. I i b a n e n s i s are flared, those 
of 5 , p u b e s c e n s , S . r e g i a and S, b e t u i i f o l i a  are fuller and more 
gibbous. The average corolla tube length for the section is 29 mm and 
the only significant difference among taxa occurs between S. r e g i a  
(T = 28 mm) and S, p u b e s c e n s  (7 = 34 mm), which have the shortest and 
longest corolla tubes, respectively. The mean galea length for the 
section is 17 mm. The average mean lower lip length and width for the 
section is 16 mm and S mm, respectively, with only S. I i b a n e n s i s  
("x = 20 mm and 14 mm, respectively) significantly different from the 
other taxa. S a i v i a  b e t u l i f o i i a  (“  = 15 mm) and S. p u b e s c e n s  
(7 = IS mm) are also significantly different regarding mean lower lip 
lengths, and S , s e s s e i (T = 7 mm) and S, r e g i a (x = 8 mm) have 
significantly different mean lower lip widths.
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Most of the synthetic characters for the section are floral; thus, 
free filament length (îT = 5 mm), rudder length ("x = 9 mm), ascendant 
connective length (x = 11 mm) and anther length (x = 3 mm) show no 
significant differences, except for S a l v i a  I i b a n e n s i s in which anther 
and rudder lengths are significantly longer. There is also little 
variation in style branch lengths. The flowers of all the taxa are 
externally glandular-punctate.
h . Nutlets. The ellipsoid to ovoid nutlets of the taxa average 
4 mm long and 3 mm wide. Those of Saikia r e g i a and S. b e t u l i f o i i a  
were generally 1 mm larger than the other species. The nutlet 
vestiture of S , s e s s e i is pubescent and the rest of the taxa have 
glabrous to thinly pubescent nutlets.
B. MEIOTIC CHROMOSOME COUNTS
Mayr (1942) stated that "every well-defined species which is 
reproductively isolated from other such taxa is characterized by a 
single chromosome number." Thus, it is one of the most constant 
characters, and can be used as a diagnostic character to distinguish 
among closely related taxa. Indeed, chromosomal differences may be 
employed in the same way as morphological differences, if one is 
interested in fitting an individual into a phenetic taxonomic 
hierarchy. In addition, chromosomal differences may be used also to 
understand the relationships between species and the processes 
involved in evolutionary diversification.
Chromosome numbers reported for Saivia range from n = 6 to n = 32 
(6olkhovskikh et al. 1969, Darlington 1955, Moore 1973). Common
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numbers are n = 7 ,  n = 8 , n = 9  and n = 10. Evidence suggests that 
dll genera or families of angiosperme with basic numbers of x = 12 or 
higher have been derived originally by polyploidy from groups having 
lower numbers (Stebbins 1950). Approximately 30--35% of the species 
of flowering plants have gametic chromosome numbers which are 
multiples of the basic diploid numbers found in their genus (Stebbins 
1971). Thus, polyploid species probably account for the higher 
numbers in Sal/ia.
Polyploidy may arise from the doubling of chromosomes from
unreduced gametes. Two general categories of polyploidy,
autopolyploidy and allopolyploidy, can be distinguished by analyzing 
chromosomal behavior and external morphology (Stebbins 1971).
An autopolyploid arises by the doubling of one or more chromosome 
sets of a structural homozygote; thus, an individual contains three or 
more sets of homologous chromosomes. In an autotetraploid, with four 
copies of each chromosome, one might expect to see good pairing of 
chromosomes during meiosis; however, what is seen more often is an 
array of synapsis configurations, i.e., quadrivalents, trivalents, 
bivalents and univalents. Consequently, there is also often an uneven 
distribution of chromosomes to the poles, and subsequently into the 
gametes (Stebbins 1971, Dyer 1979).
In contrast, allopolyploids are produced by the doubling of 
chromosomes in a hybrid individual so that allopolyploids contain 
separate sets of nonhomologous chromosomes. The fertility of the 
diploid hybrid (AB) from two diploid species (AA and EB), depends on
the degree of chromosome pairing during meiosis, thus the degree of
59
relatedness of AA and BB. Chromosomal sterility in diploid hybrids is 
due to the abnormal segregation to gametes of either whole chromosomes 
or unbalanced combinations of chromosomal segments. These 
abnormalities are produced by crossing over in bivalents made up of 
partly homologous chromosomes. If two parental species have 
heterozygous chromosomes, there is often bad pairing. Thus, diploid 
hybrids often have low fertility or are sterile. However, if a 
diploid hybrid undergoes a doubling event e.g., produces some 
unreduced gametes which participate in fertilization events with 
other such unreduced gametes, there is often normal pairing of 
chromosomes and an equal distribution of chromosomes to the poles 
during meiosis, as there are two copies of each chromosome in the 
resultant F3 allopolyploid offspring (Stebbins 1971).
Stebbins (1971) stated, "The most wide-spread and distinctive 
cytogenetic process which has affected the evolution of higher plants 
has been polyploidy, the multiplication of entire chromosomal 
complements." The most important effect of polyploidy is the genetic 
barrier between a polyploid and its diploid ancestors. Once this 
genetic barrier is in place, there is an opportunity for an 
independent new line to evolve and diverge from the diploid parents.
At the outset of this study, no chromosome numbers were known for 
any of the taxa in sect. E r y t h r o s t a c h y s , Meiotic counts were obtained 
for S a l v i a  r e g i a , S. s e s s e i , and S. betuiifoiia, but only an 
approximate meiotic count was observed for S. p u b e s c e n s . No meiotic 
counts were made for S- I i b a n e n s i s , because no material was available.
D i a k i n e s i s ,  m e t a p h a s e  I a n d  m e t a p h a s e  II w e r e  t h e  m o s t  u s e f u l
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meiotic stages for chromosome counts, as the chromatin was 
sufficiently condensed. Due to chromosome clumping (sticking), stages 
other than diakinesis, metaphase I and metaphase II were rarely 
useful. Prior to diakinesis the chromatin was not condensed enough 
for counts to be made.
A list of voucher specimens for all taxa examined is presented in
APPENDIX 6 . Figures 6A and B show pollen mother cells of SaJyia regia 
in late diakinesis or early metaphase with 11 pairs of chromosomes. 
Sixteen counts from three populations show S. regia to be N = 11. 
Chromosome behavior at metaphase I was regular in all cells examined.
Pollen mother cells of Saii/ia s e s s e i in metaphase II are shown in
Figures 6C and D , Eleven chromosomes have gone to each pole in these 
cells. Thirty-one counts from three populations show S, s e s s e i to be 
also N = 11, with regular pairing behavior. In summary, S. regia and 
S. s e s s e i both are N = 11. Although these two species share the same 
chromosome number, morphological data show they are distinct for 
numerous characters (Table 4),
The pollen mother cells from Saikia pubescens shown in Figures 6E 
and F are in metaphase II; thus, the chromosomes have gone to the two 
poles. In each of the two groups, there are between 18 and 22 
chromosomes. Observations from 11 other meiotic cells from two 
populations corroborate the chromosome number for S. pubescens as much 
in excess of N = 11 and probably N = IB— 22. Regular chromosome 
pairing behavior was observed for all cells examined. The high 
chromosome number, regular chromosomal pairing behavior and 
intermediate morphology between S. regia and S, s e ssei support the
Figure 6. Pollen mother cells.
A and B = S. regia, late diakinesis or early metaphase I, 
N = ill I,
C and D = S. sessei, metaphase II, N = l l n .
E and F = S. pubescens, metaphase II, N = lS--22,%.
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notion of S. p u b e s c e n s  as an al1otetrap1oid species also.
Figures 66 and H show pollen mother cells of SaJyia b e t u l i f o i i a  
in diakinensis with 22 pairs of chromosomes. This same number of 
chromosomes was observed in five other cells from this population. In 
addition, meiosis I figures indicated regular pairing of the 44 
chromosomes. The apparently doubled chromosome number, regular 
chromosomal pairing behavior, and intermediate morphology between S. 
r e g i a and S. sessej , all are indicative that S. b e t u l i f o l i a  is an 
al1otetraploid species (2N = 4Xz = 44).
To summarize, my data indicate that the primary basic chromosome
number for sect. E r y t h r o s t a c h y s  is X = 11. Two species, Saivia r e g i a
and S. s e s s e i are diploids with 2N = 22. Two species, S. betuiifoiia
and S. p u b e s c e n s  are apparent al1otetrap1oids with 2N = 4Xz = 44. 
Although S. b e t u l i f o l i a  and S. p u b e s c e n s appear to be allotetraploids, 
these two species are morphologically distinct, as well as 
geographically isolated with hundreds of kilometers separating them. 
The al1otetraploid nature and morphological intermediacy of 
3. b e t u l i f o l i a  and S. p u b e s c e n s  between S. regia and S. sessej support 
the notion that the later two are the parental species. Thus, S. regia 
and S. sesseif with N = 11, could have hybridized in areas where their 
flowering periods and ranges overlap. While their ranges show little 
overlap now, (except in Tamaulipas) there is a distinct possibility 
that their historic ranges coincided more extensively during the 
glaciation of the Pleistocene Epoch over 10,000 years ago. This 
period of glaciation was marked by contraction and overlap of
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geographical range for many plant species (Vuilleumier 1971).
C. POLLEN STAINABÎLITY
Polyplpoidy can have numerous effects on fertility and genetic 
behavior. Reduced pollen and seed fertility, as compared with 
parental diploid species, are the most common of these effects. 
Autopolyploids have low fertility unless pairing or chiasma formation 
is restricted so that only simple quadrivalents or bivalents with 
regular disjunctions are formed. Low fertility in hybrids is often 
due to irregularities in meiosis, such as unequal pairing and 
distribution of gametes (Stebbins 1950, Grant 1981). However, 
allotetraploids resulting from two dissimilar genomes each represented 
twice are frequently highly fertile (Dyer 1979).
By staining and analyzing mature pollen grains, the sterile ones 
can be detected easily by deformed shape, wrinkled walls or lack of 
cytoplasm. Stain is taken up by those grains filled with cytoplasm 
and presumably functional. The ultimate proof of fertile pollen would 
be successful germination, pollen tube growth and the fusion of a 
sperm nucleus with the egg. Since demonstration of this is quite 
laborious, pollen stainability is often used as an indicator of 
fertility.
One specimen from each of five populations from each of the four 
problematic taxa was evaluated for percent pollen stainability. This 
was determined by counting the number of stained pollen grains out of 
100 for each population. The mean percent stainability for all taxa 
examined was above 657. (Table 9). The high pollen stainability,
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indicating high fertility, for SaJyia b e t u l i f o l i a  and S, p u b e s c e n s  
supports the notion that these two taxa are allotetraploids, rather 
than autctetrap1olds.
Table 9. Percent pollen stainability.
S. r e g i a S. b e t u l i f o l i a S. pubescens S, s e s s e i
MEAN = 88% MEAN = 86% MEAN = 95% MEAN = 97%
Pop. # % Pop. # % Pop. # % Pop . # %
00672 97 00703 96 00796 99 00750 94
00687 95 00709 57 00797 95 00775 99
00820 60 00710 90 00825 98 00779 94
00833 99 07878 99 00828 97 00794 98
00844 91 22855 86 00143 88 00766 99
D. GUARD CELL LENGTH
The most widespread effect of polyploidy is an increase in the 
size of individual cells, such as mature pollen grains and the guard 
cells of stomata. The increase in cell size for polyploids does not 
always increase the size of the plant or its individual organs, as 
there is often a reduction in the number of cell divisions during 
development. Because guard cells are often longer in polyploids 
(Stebbins 1950, 1971), a survey of guard cell lengths was undertaken.
Ten epidermal leaf impressions were measured from each of ten 
populations for each of the four problematic taxa. Measurements are 
presented in APPENDIX H and descriptive statistics are presented in 
Table 10. Guard cell lengths ranged from 3.0--9.0 urn for these taxa. 
Analyses of variances and Scheffe's test revealed that guard cells of 
the two putative polyploids, Saiyia b e t u l i f o l i a  (x” = 6.5 urn) and S. 
p u b e s c e n s  CÂ - 6.6 urn) are significantly longer than those of the two
Où
diploids, S. r e g i a (x = 5.9 urn) and S. sess e i (x = 4,5 urn). Thus, 
guard cell length also lends support to an argument for the
al1otetraploi d nature of 3. b e t u l i f o l i a  and S. p u b e s cens.
Table 10. Desc riptive statistics for guard cell 1engths (urn).
SPECIES N MIN. MAX. MEAN SE of X STD. DEV. CV(%
3 - r e g i a 100 4.0 9.0 5.9 0. 1 0.9 20. 0
S. b e t u l i f o l i a 100 4.0 9.0 6.5 0. 1 1.2 20. 0
3. pubescens 100 5.0 9.0 6.8 0.1 0.9 10.0
S. s e s s e i ICO 3.0 7.0 4.5 0. 1 1.0 20. 0
E. POLLEN SIZE
To date there have been no studies of the pollen of any taxa in 
this section. Pollen sampled from five populations of each of the four 
problematic taxa of sect. Erythrostachys was measured to evaluate size 
variation. For each population five length and width measurements 
each were taken from polar and equatorial views (APPENDIX I).
Equatorial widths for these taxa ranged from 14.0— 20.0 urn and 
equatorial lengths ranged from 17.0— 23.0 urn (Table 11). Polar widths 
also ranged from 14.0— 20.0 urn and polar lengths ranged from 
16.0— 23.0 urn. S a l v i a  p u b e s c e n s  has the largest pollen grains, 
followed by S. r e g i a ,  S. b e t u l i f o l i a and finally, 3. sessei, with the 
smallest pollen grains. Length:width ratios were also similar for 
both equatorial and polar views with equatorial length:width ratios 
ranging from 0.71— 0.91 and polar length:width ratios ranging from






















SE of X STD. DEV. CV (%)
25 15.0 19.0 16.6 0.2 1.1 6.55
25 14.0 19.0 16.5 0.3 1.7 10. 30
25 15.0 20.0 17.3 0.3 1.3 7.51
25 14.0 19.0 16.4 0.3 1.3 7.93
25 19.0 22. 0 20.6 0.2 0.9 4.37
25 17.0 23.0 20.0 0.3 1.7 6.50
25 19.0 22.0 20.7 0.2 0.9 4.35
25 17.0 22.0 19.4 0.3 1.4 7.22
EQUATORIAL 
LENGTH:WIDTH RATIO 
S, r e g i a  
3. befuiifoiia 
3, p u b e s c e n s  
3. sessei
25 0.71 0.91 0.62 0.01 0.04 4.68
25 0.78 0.90 0.63 0.01 0.03 3.61
25 0.76 0.91 0.64 0.01 0.04 4.76
25 0.79 0.90 0.85 0.01 0. 03 3.52
POLAR WIDTH:




25 16.0 19.0 17.3 0.2 1. 1 6.36
25 15.0 19.0 16.9 0.3 1 . 6 9.47
25 16.0 20.0 17.7 0.3 1.2 6.78
25 14.0 18.0 16.5 0.2 1.1 6.67
POLAR LENGTH:




25 18.0 22.0 20.0 0.2 1.1 5.50
25 17.0 23.0 19.9 0.4 1.9 9.55
25 19.0 23.0 20.5 0.2 1. 0 4.83
25 16.0 21.0 18.8 0.3 1.4 7.45
POLAR 
LENGTH:WIDTH Ri 
3- r e g i a  
3. b e t u l i f o l i a  
3, p u b e s c e n s  
S. sessei
25 0.80 0.91 0« 36 0.01 0. 03 3. 49
25 0.80 0.94 0.85 0.01 0.04 4.65
25 0.76 0.95 0.86 0.01 0.05 5.61
25 0.84 0.94 0.88 0.01 0.02 2.27
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The analysis of variance with Scheffe's test revealed five (20.4%) 
significant differences in length and width measurements out of 24 
possible significant differences for the six pairwise combinations 
(Table 12). Pollen of S a l v i a s e s s e i  is significantly smaller than 
pollen of S. p u b e s c e n s  and 5. regia. The pollen of S. b e t u l i f o l i a  is 
not significantly different from any of the other taxa.
My hypothesis of the polyploid nature of S a l v i a  b e t u l i f o l i a and 
S. p u b e s c e n s  is not supported by these data. There were no 
significant differences among the taxa regarding length:width ratios. 
The shape of the hexacolpate reticulate pollen (Erdtman 1943 and Knapp 
1968) of sect. E r y t h r o s t a c h y s  is uniform.
Table 12. Significant differences from one-way analysis of variances 
with a Scheffe's test for pollen characters. Taxa; R = S. regia,
B = 5. betuiifoii'a, P = S. pubescens, S = S, s e s s e i . + = significant 
differences between taxa pairs.














Epling (1939b) differentiated among the four taxa of sect. 
E r y t h r o s t a c h y s  f Sal y  ia r e g i a , S. p u b e s c e n s , S. s e s s e i and 
S. iibanensis, on the bases of 1) calyx characters including length, 
shape, base and lip apex; 2) leaf shape and apex; and 3) distribution.
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He separated the Colombian species, 3, î i b a n e u s i s ^ with longer calyces 
and acute calyx lips from the Mexican species which have obtuse calyx 
lips. He distinguished S. regia, with deltate leaves, from S. s essei 
and S. pubesceng, with ovate-acuminate leaves. Salkla s e s s e i ^ with 
subglcbose calyces, was differentiated from S, p u b e s c e n s  ̂ with flared 
calyces narrowing toward the base. Indeed, the anovas and Scheffe s 
tests (Table 4) show all of these characters to be diagnostic. In 
addition, an evaluation of the coefficients of variation (C.V.) 
presented in APPENDIX C show these characters have a moderate amount 
of variation, ranging from calyx tube length (127.) to calyx tube base 
width (277.).
In Epling's unpublished manuscript of the 1960's, he combined 
Salyla p u b e s c e n s  with S. sessei, and S. b e t u l i f o l i a  with S. regia; 
thus, at the specific level he recognized only S, r e g i a , S. s e s s e i and 
S. llùanensls. In this treatment Epling employed petiole and pedicel 
length, leaf shape, base and length:width ratio, as well as 
distribution to differentiate among the three taxa. In addition to 
the Colombian distribution of S. llbanensls, Epling distinguished it 
from the other two species by its longer petioles and pedicels. My 
results show that S, s e s s e i , with an average 2:1 length:width 
ratio and round to narrowed leaf bases, differs from S. regia, with an 
average length:width ratio of 1:1 and truncate to cordate leaf bases. 
Epling's use of leaf shape to distinguish S- r e g i a from 3. s e s s e i is 
borne out in my study in that the anovas and Scheffe's tests identify 
the median cauline and uppermost leaf length:width ratios as two of 
the most diagnostic characters. The C.V.'s for median cauline leaf
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length:width ratios are moderate, ranging from S . p u b e s c e n s  and 
S. s e s s e i with 177. to S, b e t u I i f o J i a  with 23%. The C.V.'s for 
uppermost leaf length:width ratios range from S. b e t u l i f o l i a  with 16% 
to S. pu&escens with 37%,
I found the median cauline leaf length to be the most diagnostic 
of all continuous characters, with significant differences in anovas 
for all pairwise taxon combinations (Table 4). Uppermost leaf length 
is also diagnostic, with five significant differences out of six 
pairwise taxon combinations; however, it is more variable, with C.V.'s 
ranging from 27— 41%, than median cauline leaf length with C.V.'s 
ranging from 21— 30%.
The diagnostic characters Epling used in his 1960 s treatment 
differ from those of his 1939 work. In the later work he combined 
S a J v i a  p u b e s c e n s with S. s e s s e i and S. tetuiifctiia with S. regia. In 
the 1960 s treatment he made no mention of calyces, which are 
significantly different between S. s e s s e i and S. p u b e s c e n s  ̂ yet he 
used calyx characteristics as primary diagnostic characters in his 
1939 treatment. My study corroborates Epling (1939b) in that calyces 
are an important character in differentiating among the taxa of this 
sect!on.
Epling s use of petiole and pedicel lengths in distinguishing 
Saikia 1 i b a n e n s  is concurs with the results of my study. However, 
these two characters are not particularly diagnostic in 
differentiating among the other taxa in this section.
Epling (1939b) identified vestiture characters as diagnostic in 
differentiating among the taxa. He contrasted the glabrous calyces of
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S û l v i è  s e s s e i with the "thinly pubescent" ones of S. r e g i e and
pubescens. He identified the leaves of S, pubescens as being more 
glabrous than those of S. sessei. In differentiating S. b e t u l i f o l i a  
from 3. regia (1941), he distinguished the vestiture of 3. b e t u l i f o l i a  
as being more abundant and "coarser in quality" than that of S. regia. 
I also found significant differences in vestiture among the taxa. The 
difficulty in accurately assessing vestiture characters is reflected 
in wide ranges of variation for them. Diagnostic vestiture characters 
included vestiture density on abaxial and adaxial petioles, lower leaf 
surfaces and calyces. My study corroborates Epling s notion of the 
pattern of variation of pubescence in these taxa.
Epling (1939b) recognized that the floral axes of SaZria pubescens 
are intermediate between those of 3, r e g i a and 3. s e s s e i , I also 
found inflorescence shape and length to be important diagnostic 
characters when assessed properly. Indeed, S. regia, with 
few-flowered raceme-like displays, also has the shortest floral axes, 
while the displays of 3, b e t u l i f o l i a  and S. pubescens are often more 
crowded and longer. The much-branched, panicle-like displays of 
3. s e s s e i are distinct in shape, but similar in length to
S. b e t u l i f o l i a . The long, unbranched racemes of 3. 1 i b a n e n s i s are 
distinctive. Although the shape and length of the inflorescences for 
the taxa of this section are diagnostic, the lengths are highly 
variable, with C.V.'s ranging from 56— 897..
G. DISCRIMINANT ANALYSIS
Discriminant analysis was conducted on the data to determine the 
accuracy of previous taxon determinations for the specimens studied 
and to examine which combinations of variables best differentiate 
among the taxa of sect. Erythrostachys. Discriminant analysis (Nie et 
al. 1933) distinguishes between two or more groups. The mathematical 
objective of discriminant analysis is to weight and linearly combine 
discriminating variables, so that the groups are forced to be as 
statistically distinct as possible. Functions are formed so as to 
maximize the separation of the taxa. Normally distributed data are 
not required (Nie et al. 1983)
Characters used in these analyses are those for which the taxa are 
expected to differ. Of the 59 continuous characters 51 are 
diagnostic. The eight synthetic continuous characters (Table 5) were 
eliminated from these analyses. When they were left in the analysis a 
discriminant function could not be found.
Discriminant analyses were used on various combinations of the 51 
continuous characters with significant differences between taxa.
These analyses included several different character combinations in an 
attempt to discern patterns among the species. The following 
different character combinations were used in six different analyses;
1. Diagnostic characters, including vegetative and floral, but 
excluding vestiture.
2. D i a g n o s t i c  c h a r a c t e r s ,  i n c l u d i n g  v e g e t a t i v e ,  f l o r a l  a n d  
v e s t i  t u r e .
3. V e g e t a t i v e  c h a r a c t e r s ,  i n c l u d i n g  v e s t i t u r e .
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4. Vegetative characters, excluding vestiture.
5. Floral characters only.
6. Epling s diagnostic characters.
Sail/'j a iifcanei>5is, represented by only three populations, was 
included in these analyses, since its inclusion or exclusion did not 
significantly change grouping patterns or predicted classification 
results. However, because of small sample size, S , libineTisis often 
lacked well-defined group centroids. The all-groups scatterplcts and 
classification results for all analyses are presented in Figures 7— 12 
and Tables 13--18, respectively.
Results from discriminant analysis and anovas with Scheffe's 
tests (Table 4) exhibit similar patterns among the taxa. In general, 
both types of analyses identify vegetative characters as much more 
diagnostic than corolla characters. Discriminant analyses including a 
majority of corolla characters could not distinguish discriminating 
functions.
The first discriminant analysis shows that the best separation and 
highest percentage of correctly classified specimens, 98.2%, occurred 
when 32 diagnostic characters were used (Fig. 7; Table 13), The 32 
diagnostic characters comprise an array of both vegetative and calvx 
characters and do not include vestiture characters or corolla 
characters. When vestiture characters were included in a second 
discriminant analysis, for a total of 51 characters (Fig. 6; Table 
14), the percentage of correctly classified specimens was quite 
similar, 97.9%. The amount of separation between taxa changes with 
the inclusion or exclusion of vestiture. When vestiture characters
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Figure 7. Discriminant analysis scatterplot of the five species using 
vegetative and floral characters, excluding vestiture.
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Table 13. Classification results from discriminant analysis using
vegetative and floral characters, excludinq vestiture.
PREDICTED GROUP MEMBERSHIP 
SPECIES GROUP N 1 2 3
Group 1 151 149 O i l
3. regia 98.7% 0.0% 0.7% 0.7%
Group 2 89 0 89 0 0
S. sessei 0.0% 100.0% 0.0% 0.0%
Group 3 22 1 0 21 0
S- p u b e s c e n s  4.5% 0.0% 95.5% 0.0%
Group 4 3 0 0 1 2
S, l i b a n e n s i s  0.0% 0.0% 33.3% 66.7%
Group 5 19 0 0 0 19
S, b e t u l i f o l i a  0.0% 0.0% 0.0% 100.0%
Percent of g r o u p e d  plants correctly classified: 97.89%.
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Figure 8. Discriminant analysis scatterplot ot the five species using 
vegetative, floral and vestiture characters.
SPECIES SYMBOL SPECIES
1 S. regia
2 S * s e s  se i
3 S, pu&escens
4 S, l i b a n e n s i s
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Tab le 14. Classification results from discriminant analysis using
vegetative, floral and vestiture characters.
PREDICTED GROUP MEMBERSHIP 
SPECIES GROUP N 1 2 3
Group 1 151 150 0 0 1
S. r e g i a 99.3% 0.0% 0.0% 0.7%
Group 2 69 0 89 0 0
S, s e s s e i 0.0% 100.0% 0.0% 0.0%
Group 3 22 1 0 21 0
S, p u b e s c e n s  4.5% 0.0% 95.5% 0,0%
Group 4 3 0 2 0 1
S. i J a I) e IÎ s 1 j 0.0% 66.7% 0.0% 33.3%
Group 5 19 0 0 0 19
S, befuiifoZia 0.0% 0.0% 0.0% 100.0%
Percent of g r o u p e d  plants correctly classified: 98.24%,
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were included (Fig, 3), Sait'ia s e s s e i was further separated from the 
other taxa, as it is much 1 ess pubescent than the other taxa. Saikia 
s e s s e i and S. regia, the two diploid species have the best separation 
in both analyses, reflecting their distinction from one another. 
Indeed, anovas and Scheffe's tests show them to have the highest 
percent of significant morphological differences, 11 out of 37 
(29.7%).
It is interesting from this discriminant analysis, as well as all 
subsequent ones of various character combinations, that the two 
diploid taxa have the most separation, while the two allotetraploids 
take intermediate positions on the scatterplot. This supports an 
argument for the allotetraploid nature of S a l v i a betulifolia and 
S. pubescens. The two allotetraploid taxa, 3. betulifolia and 
S. pube seen s t separate somewhat on the scatterplots shown in Figures 7 
and 8, From anova results they have the lowest percent of significant 
differences, with S out of 37 (21.6%); thus, they are morphologically 
the most similar taxa in the section.
The second discriminant analysis, including pubescence (Fig 8; 
Table 14) shows a narrower separation between Saikia regia and 
3, betulifolia than does the analysis excluding pubescence. Indeed, 
anovas with Scheffe's tests show these two taxa to be similar, with 
only 11 significant differences out of 37 (29.7%). The number of 
anova significant differences expressed as percentages for three of 
the taxon pairs are fairly uniform: Salvia regIa--S, pubescens
(35.1%), 3, pubescenS--S^ sessei (37,8%) and 3- sessei--S, betulifolia
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(43.2%). These all concur with similar separation patterns as shown 
on Figures 7 and 8.
A third discriminant analysis included only the 20 diagnostic 
vegetative characters, among them vestiture characters (Fig. 9; Table 
15). The scatterplot and percentage of correctly classified specimens 
revealed a lower, 94.7%, percentage of correctly classified specimens 
and only two distinct groups of taxa, SaJyia regia--S, b e t u l i f o l i a and 
S. 5essei-“S. pubescens.
In the fourth analysis, vestiture characters were excluded from an 
analysis of vegetative characters (Fig. 10; Table 16). The percentage 
of correctly classified specimens was even lower, 87.0%, and specimens 
from all five taxa blended into one group. Thus, a comparison of 
Figures 8 and 9 shows that vestiture is helpful in distinguishing 
among the taxa. Regarding vegetative characters, S a l v i a  r e g i a and 
S. betuiifoiia are more similar, as are S. sessei and S. p u b e s c e n s .
In the fifth analysis 17 diagnostic floral charcters were used 
(Fig. 11, Table 17). In this analysis the taxa are not tightly 
clustered; however, 90.9% are correctly classified. Epling recognized 
that the flowers of all five taxa are similar and emphasized 
vegetative characters rather than those of the corolla. The anovas 
and Scheffe's tests revealed that out of the total pairwise taxon 
combinations for vegetative characters (54) and calyx and corolla 
characters (114), 61.1% of the vegetative characters and only 43.9% of 
the floral characters were significantly different. Indeed, the 
floral characters, with less variation, have an average C.V. of 17.o%, 
while the average C.V. for vegetative characters is 23.8%. in
Figure 9. Discriminant analysis scatterplot of the five species using 
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Table 15. Classification results from discriminant analysis using
vegetative characters, excluding vestiture.
PREDICTED GROUP MEMBERSHIP 
SPECIES GROUP N 1 2 3 4
Group 1 151 146 0 1 0  4
3- r e g i a 96. 77. 0.07. 0.7% 0.07. 2.6%
Group 2 89 0 83 5 0 1
S. 5esseI 0. 07, 93.37. 5.67. 0. 07. 1.1%
Group 3 22 1 2 19 0 0
S. pubescens 4.5% 9.1% 36.4% 0.07. 0.0%
Group 4 3 0 0 I 2 0
S, i ibanens 15 0.0% 0.0% %ic>.o% o6.7/. 0.0/.
Group 5 19 0 0 0 0 19
S. betuiifoiia 0.0% 0.0% 0.0% 0.0% 100.0%
Percent of g r o u p e d  plants correctly classified: 94.72%.
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Figure 10. Discriminant analysis scatterplot of the five species 
using vegetative characters, excluding vestiture.
SPECIES SYMBOL SPECIES
1 S. regia
2 S ̂ s e s  s e  i
3 S . p u b e s c e n  s
4 S. i i b a n  en s i s
5 S. b e t u l i f o l i a
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Table 16. Classification results from discriminant analysis using
vegetative characters, including vestiture.







Group 1 151 139 0 2 0 10
S . r e g i a 92. 17. 0.0% 1.3% 0. 07. 6.6%
Group 2 89 0 79 9 0 1
S. s e s s e i 0.0% 88. 8% 10.1 % 0.0% 1. 1%
Group 3 22 1 2 14 0 5
S. pubescens 4.5% 9.1% 63. 67. 0.0% 22.7%
Group 4 3 0 0 1 2 1
S- 1 i baîi ens i s 0.0% 0.0% 33.3% 66. 7 % 0.0%
Group 5 19 3 0 3 0 13
S. b e t u l i f o l i a 15.8% 0.0% 15.87. 0.0% 68.4%
Percent of g r o u p e d plants correctly classified: 86.97%.
Figure 11. Discriminant analysis scatterpiot of the five species
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Group 1 151 139 0 o
. r e g i a 92. 17. 0.07. 6.07. 2. 0%
Group 2 89 0 84 0 5
S. s e s s e i 0.07. 94.47. 0.07. 5.6%
Group 3 22 2 0 19 I
S. p u b e s c e n s  9.17. 0.0% 86.47. 4.5%
Group 4 3 0 3 0 0
S , I i b arten s i sa 0.0% 100.0& 0.0% 0.0%
Group 5 19 2 1 0 16
S, bet u l i f o  lia 10.5% 5.3% 0. 07. 8 4.27.
Percent of g r o u p e d  plants correctly classified: 90.85%.
addition, a discriminant function could not be distinguished when a 
majority of corolla characters was included in an analysis.
Epling used 13 diagnostic characters in his two treatments of 
sect. Er y ihr ÜS t achy s , These 13 characters comprise four vegetative 
characters and nine of the calyx. In a sixth discriminant analysis, 
using only these 13 characters, the percentage of correctly classified 
specimens was 95.8% (Fig. 12; Table 18). However, there was little 
separation of taxa, except for Saivia J i b a n e n s i s , S a l y i a  r e g i a and 
S. s e s s e i were distinct from one another, but specimens of S. regia,
3. b e t u l i f ü l i a  and S. p u b e s c e n s  were not differentiated. This lack 
of clear discrimination among the latter three species mirrors the 
inability of most botanists to distinguish among them using only 
Epling's 13 diagnostic characters.
In summary, the discriminant analysis which included diagnostic 
vegetative and floral characters, but excluded pubescence showed the 
most separation and the highest percentage of correctly classified 
specimens. A major finding of my study is that a clearer separation 
of taxa can be achieved provided that i) a large number of characters 
are evaluated; and 2) the pool of characters includes those selected 
from both vegetative and floral organs. evidence from several lines 
of investigation, including anovas and Scheffe s tests, discriminant 
analyses, chromosome counts, pollen stainability and guard cell 
lengths all support the recognition of five species in sect. 
E r y t h r ü s t a c h y s :  S a l v i a  r e g i a , S. b e t u l i f o l i a , S. pubescens^ 3, sessej
and 3. l i b a n e n s i s . Table 19 presents the salient morphological,
Figure 12. Discriminant analysis scatterpiot at the five species
using Epiing's diagnostic characters.
SPECIES SYMBOL SPECIES
S . regia 
S. sessej 
S. p u b e s c e j > s  
S. iibanensjs 
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Table 18. Classification results from discriminant analysis using 
Epling s characters.
PREDICTED GROUP MEMBERSHIP 
SPECIES GROUP N 1 2 3 4
Group 1 151 148 0 4 0 4
S. regia 94. 77. 0.0% 2.6% 0.07. 2.6%
Group 2 89 0 87 0 0 2
5, s e s s e i 0.07. 97.3% 0.07. 0.07. 2.2%
Group 3 22 1 0 21 * 0 0
S. pubescens 4.5% 0.07. 95.5% 0.0% 0.07.
Group 4 3 0 0 0 3 0
S - i i & a n e n s i s 0.07. 0.0% 0.07. 100. 0% 0.0%
Group 5 19 0 0 1 0  IB
S. b e t u l i f o l i a  0.0% 0.07. 5.3% 0.0% 94.77.
Percent of g r o u p e d  plants correctly classified: 95.77%.
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Table 19. Salient morphological, chromosomal and geographical 
differences among taxa of sect. E r y t h r o s t a c h y s ,  Mean is on the first 
line and range (in parenthesis) is on the second (mm). Taxa: REG =
S. regia, BET = S. betulifolia, PUB = S. pubescens, SEBS = S. sessei 
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chromosomal and geographic differences among the taxa.
Although no chromosome counts were determined for the Colombian 
species, Sa/i/ia l i b a n e n s i S f  it is morphologically and geographically 
the most distinct species. It can readily be distinguished from the 
other taxa by; i) 2--5-flowered cymules; 2) median cauline leaf 
length, width and shape; 3Ï inflorescence and fruiting calyx shapes;
4) petiole and pedicel lengths; and 5) distribution. Saikia 
l i b a n e n s i s  has a densely pubescent vestiture, similar to 5, pubesceuj; 
however, the two species are morphologically distinct. The two most 
morphologically distinct species, S. regia and S. s e s s e i , are 
diploids, both with (N = 11). Morphologically these two species are 
readily distinguished by: 1) median cauline leaf length, width and
shape; 2) fruiting calyx shape; and 3) vestiture.
Several lines of investigation support the recognition of Saikia 
b e t u l i f o l i a  and S. p u b e s c e n s as allotetraploids. High chromosome 
numbers and larger guard cell lengths support an argument for a 
polyploid condition for the two taxa. SaJkia b e t u l i f o l i a , with N = 22 
and S. p u b e s c e n s , with N = 18 to 22, both have average guard cell 
lengths longer than those of S. r e g i a and S. sess e i . Observations of 
chromosomal behavior during meiosis show regular chromosome pairing 
and even distributions of chromosomes to the poles. These two species 
also have high pollen stainability, an indicator of high pollen 
fertility. The intermediate morphology of S. b e t u l i f o l i a and S, 
p u b e s c e n  s between S. r e g i a and S. s e s s e i along with chromosomal 
behavior and pollen stainability all support an allotetraploid
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condition rather than an autotetrap1oid condition for S# b e t u l i f o l i a  
and S. p u b e s c e n s , S e l v i a  b e t u l i f o l i a and S. p u b e s c e n s can be 
distinguished morphologically by several characters: 1) median cauline 
leaf length; 2) leaf vestiture density; 3) fruiting calyx tube length 
and width; and 4) distribution,
Saikia s e s s e i is distinguished from S. p u b e s c e n s by: 1) median
cauline leaf length, width and shape; 2) inflorescence shape;
3) fruiting calyx tube width and shape; 4) nutlet size; and 5) 
distribution. S a l v i a  s e s s e i and S, p u b e s c e n  s can be differentiated 
by: 1) vestiture characters, as S. p u b e s c e n s has much denser
trichomes than S. s e s s e i ;  2) median cauline leaf length, width and 
length:width ratio; 3) calyx tube length, width and shape; and 4) 
inflorescence shape.
The two taxa most likely to be confused are Salyia r e g i a and 
S. b e t u l i f o l i a .  S a l v i a  r e g i a can be differentiated from
S. b e t u l i f o l i a  by: 1) median cauline leaf length, length:width ratio
and shape; 2) inflorescence length; and 3) fruiting calyx tube length 
and width. Sait/ia r e g i a is readily distinguished from S. p u b e s c e n s  
by: 1) leaf vestiture density; 2) median cauline leaf length, width,
length:width ratio and shape; and 3) calyx shape.
CHAPTER ^
TAXONOMIC TREATMENT 
Salv i A L .
S a l v i a L. Gen. PI. 15. 1753. LECTOTYPE: S. o f f i c i n a l i s  L. For a
description of the genus, refer to Bentham (1833).
Sajyia L. subg. C a i o s p h a c e  
(Benth.) Benth. in Benth. & Hook.
S a l v i a L. subg. C a l o s p h a c e  (Benth.) Benth. in Benth. & Hook., Sen. Pi.
2:1196. 1876, based on S a l v i a sect. C a l o s p h a c e Benth., Bot.
Misc. 3:374. 1830. — LECTOTYPE: S. coccinea Juss. ex Murr. in
Comm, sotting, i. t . 1. Am. bor. et trop. 1778, selected by 
Epling (1939). --Calosphace (Benth.) Raf., FI. Tellur. 3:91.
1837. — Salvia subg. C a l o s p h a c e  (Benth.) Epling, Repert. Spec. 
Nov. Regni Veg. Beih. 110:4, 1939, a superfluous combination.
J u n ç i a Moench, Meth. PI. 378. 1794. — TYPE: J. aJ ti ss iwa Moench
(= S a l v i a  a e x i c a n a  L.). — Sal/ia subg. J u n g i a (Moench) Briq., 
Pflanzenfam. 4(3a):277. 1896. For a description of the
subgenus, refer to Bentham (1876).
S a l v i a subg. C a l o s p h a c e  
sect. E r y thr 0 s t a c h y s  (Epling) Epling
Salv'ja subg. C a l o s p h a c e sect. £r thy r ost achy s (Epling) Epling, in
Repert. Spec. Nov. Regni Veg. Beih. 110:288-289. 19^9, based on
Saivia subsect. E r y t h r o s t a c h y s  Epling, Repert. Spec. Nov. Regni 
Veg. Beih. 85:100. 1935. — TYPE: S a l v i a  l i b a n e n s i s Rusby.
Large showy shrubs to 4 m tali; stems and branches 
glandular-punctate, glabrous to pubescent, vestiture of antrorse, 
erect or retrorse trichomes to 0.8 mm long, glandular-punctate.
Leaves with petioles to 10.6 cm long; blades lanceolate to ovate to 
deltate, 1.2— 14.7 cm long, 0.9— 10.4 cm wide, vestiture on both faces 
glabrous to pubescent with trichomes to 0.8 mm long, both faces green 
or abaxial face lighter green, a b a x i a l  face glandular-punctate, apex 
acute to mucronate or acuminate to caudate, margins entire to crenate
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serrate, base cordate, cuneate, rounded or truncate. Inflorescencs 
a reduced 1— 5-flowered cymule, cymules 2 per node (= vertici 11 aster), 
verticillasters in simple, unbranched raceme-like axes to 
much-branched panicle-like displays to 24.2 cm long; bracts caducous; 
pedicels 1.2--14.2 mm long; flowering calyx tubes +inflated, 
funnelform, flared funnelform, campanulate or subglobose, 0.8 — 1.8 cm 
long, 0.4--1.8 cm wide at mouth, fruiting calyx tubes strongly 
inflated, 0.8--2.1 cm long, 0.6— 1.7 cm wide at mouth, naked within, 
externally scarlet or scarlet and green, glandular-punctate, glabrous 
to densely pubescent with vestiture of trichomes 0.4(--0.8)mm long, 
glandular-punctate, acute to mucronate lips, upper lip obscurely 
5(— 7)veined or reticulate-veined, none of the veins especially 
prominent; flowers glandular-punctate, corolla scarlet, tube 1.9--4.5 
cm long, straight, epapillate, galea 0.8--2.3 cm long, lower lip 
0.8--2.3 cm long; stamens included or rarely slightly exserted, 
anthers 5.8— 14.6 mm long, lower anther theca absent, ascendant 
connectives 7.0--14.6 mm long, lower connectives (rudders) 1.3--3.7 mm 
long, straight, free filaments 5.8— 9.0 mm long; anterior style branch
1.0--3.3 mm long, posterior style branch 2.1--8.0 cm long. Nutlets 
ellipsoid to ovoid, glabrous to pubescent with vestiture of trichomes 
to 0.3 mm long. N = 11, 22. Oak and pine woodlands on limestone or 
volanic substrates from Texas (Big Bend National Park, Chisos 
Mountains) southward throughout the Mexican highlands to Oaxaca and 
disjunct in Magdalena, Colombia; 762— 3100m.
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KEY TO SPECIES OF SECTION ERYTHKOSTdCWyS:
A. Pedicels 12.8— 14.2 mm long; cymules 2 —  5-flowered,
verticillasters 4--10-flowered; flowering axes raceme-like,
14.7— 24.2 cm long; calyx lips mucronate; calyces campanulate; 
median cauline leaf petioles 3.5--10.6 cm long; blades 8.0--14.7 
cm long, 6.6— 10.4 cm wide; plants of Magdalena,
Colombia................   1. Salvia l i b û a e u sis,
AA. Pedicels 1.2--B.2 mm long; cymules 1-flowered, verticillasters
2-flowered; flowering axes raceme-like or panic1a-1ike, to 12.7 
cm long; calyx lips acute; calyces funnelform to 
f 1 ared-funnelform or subglobose; median cauline leaf petioles 
0.2— 4.2 cm long; blades 1.2— 12.3 cm long, 0.9 —  7.8 cm wide; 
plants of Texas south to Oaxaca, Mexico.
B. Flowering calyces subglobose (rounded at the base),
externally glabrous to minutely puberulent; inflorescence 
panicle-like, comprising 1 to several branches arising from 
axils of uppermost pairs of leaves; nutlets pubescent; 
median cauline leaf length:width ratio 1.4:1 —  3.4:1, 
averaging 2.2:1, median cauline blades 4.1--12.3 cm long,
1.6--7.3 cm wide................... .....2. S a l v i a  sessei,
BB. Flowering calyces funnelform to f1ared-funnelform
(narrowed at the base), externally puberulent to densely 
pubescent; inflorescence raceme-like, comprising a single 
branch; nutlets glabrous; median cauline leaves 1.2--9.5 cm 
long, 0.9— 5.6 cm wide, with length:width ratio of 
0.5:1— 2.5:1, averaging 1.4:1.
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c. Flowering calyx tubes flared-funnelform, externally
pubescent; trichome density uniformly on all four faces 
(sulci) of stems; petiole vestiture uniform pubescent 
to densely pubescent on adaxial and abaxial faces; 
median cauline leaf petioles 0.7— 4.2 cm long, blades
2.0--9.5 cm long with average length:width ratio of 
1 . 7 : 1 . ...........i3. ^afxja ptiDCSQSTiS*
CC. Flowering calyx tubes funnelform, externally glabrous 
to minutely puberulent; trichome density various only 
on alternate sulci of stems; petiole vestiture 
puberulent to densely pubescent on adaxial face and 
less dense on abaxial face; median cauline leaf 
petioles 0.2— 2.2 cm long, blades 1.2--8.1 cm long with 
length:width ratios to 1.5:1.
D. Flowering axes to 7.1 cm long (averaging 1.7 cm), 
raceme-like, with 1— 8 (averaging 4) 
verticillasters per axis; flowering calyx tubes
O.B— 1.8 cm long, 0.4--1.8 cm wide at the mouth; 
median cauline leaves 1.2--8.1 cm long, 0.9--4.5 
cm wide with length:width ratio of 0.5:1 — 1.7:1); 
petiole vestiture pubescent on adaxial face and 
glabrous to minutely puberulent on abaxial face; 
ranging from Texas, U.S. to Oaxaca,
Mexico................. 4. S à l v i a  regia.
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DD. rlowering axes raceme-like, to 10.3 cm long with
3— 11 (averaging 7) verti11 asters per 
inflorescence stem; flowering calyx tubes 1.1--2.1 
cm long, 0.6— 1.4 cm wide at the mouth; median 
cauline leaves 2.6--7.0 cm long, 2.0--5.1 cm wide, 
with length:width ratio of 1.1:1--2.5:1(1.5:1); 
petiole vestiture +pubescent on abaxial face: 
plants of Chihuahua and Durango, Mexico 
 .....   5. Saixia b e t u l i f o l i a .
1. Salyia l i b a n e n s i s Rusby.
Saii/ia l i b a n e n s i s  Rusby., Desc. New Sp. S. Am. PI. 110 1920.--TYPE: 
SOUTH AMERICA: COLOMBIA: Magdalena: Sierra del Libano, Santa
Marta, a shrub 6--S ft. Common locally in damp mountain forests, 
generally in boggy ground. Sierra del Libano, about 6000 ft.
Also grows abundantly in a clearing on the mountain-side. Flowers 
Jan.--Apr. The flowers vary in color from vivid scarlet, the 
calyx concolor to rather dull and pale red with calyx greenish. 
Specimens collected in March. 1896--1901. sheet one, ff. H. Saitb 
I 3 S 0 sheet one. LECTOTYPE: NY!, lectotype selected by Epling
(1939). ISOTYPES: B M !, KÎ, MO!, NY!, US!.
Shrub to 2 m tall; stems and branches pubescent with vestiture of 
antrorse trichomes 0.4(— 0.8) mm long. Leaves with petioles 3.5--10.6 
cm long; blades ovate, 8.0— 14.7 cm long, 6.6--10.4 cm wide, vestiture 
on both faces densely pubescent with trichomes to 0.5 mm long, both 
faces green, apex caudate, margin serrate, base rounded to cordate. 
Inflorecence a 2— 5-flowered cymule, verticillasters 4— 10 flowered in 
unbranched, raceme-like axes 14.7— 24.2 cm long; pedicels 1.3— 1.4 cm 
long; flowering calyx tubes campanulate, 1.2 — 1.3 cm long, 1.3 cm wide 
at mouth, fruiting calyx tubes 1.8 cm long, 1.4 cm wide, externally
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scarlet, densely pubescent with vestiture of antrorse trichomes to 0.2 
fliii] long, lips mucronate, upper lip 5 —  7-veined, corolla scarlet, tube 
j.o cm long, galea 2.0 cm long, lower lip about as long; cm long; 
stamens included, anthers 14.6 mm long, ascendant connectives 14.0 mm 
long, rudders 4.9 mm long, free filaments 7.0, mm long; anterior style 
branch 3.3— 3.3 mm long, posterior style branch ? mm long; Nutlets 
ellipsoid, glabrous. Foothills of the Sierra Libano and Sierra Nevada 
de Santa Marta, Magdalena, Colombia; 1829--2600 m; January— March.
Representative specimens: COLOMBIA: MAGDALENA: Sierra Nevada de
Santa Marta; entre San Pedro y dabeceras del Rio Sevilla, 2600 m , 31 
January 1959, Barclay & J a a J i b i o y  6798 (MO); foothills of the Sierra 
Nevada de Santa Marta, above Minca, Los Cambres, 2000 m, 26 February 
1949, H a » k e s  589 (US).
S a l v i a  l i b a n e n s  is is disjunct from the other taxa of the section 
and is known only from three populations. I was not able to travel 
into the field to collect additional populations of S. libanensis, but 
exsiccatae show it to be distinct and not problematic. Attempts to 
contact people in the field in Colombia for additional collections 
failed. It is quite distinct from the other taxa with 2— 5-flowered 
cymules, densely pubescence vestiture, long petioles and pedicels, 
long racemose-like floral axes, campanulate calyces and mucronate
calyx lips.
2. Salvia s e s s e i Benth.
S a l v i a  s e s s e i Benth., Lab. Gen. et Sp. 288. 1833. --TYPE: MEXICO:
in Nova Hispania. HOLOTYPE: OX, holotype with "S, caiy c i i> f J ata
N. H. written on it. Photograph from OX, MociBo & S e s s é , s.ri.,
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seen.
R h o d o c h l a a y s  s p e c i o s a S. Schauer in Linnaea 20:707, 1847. — TYPE: 
MEXICO: (without other locality data). 4schanfcorn s.n.
HOLOTYPE: could not be located at BM, M , LE ; perhaps lost.
Saiifia r o e z j j Schwl., Fi. des Serres 14. 31. t. 1407. 1861. S d U i a
d i e l y t r o ï d e s  Roezl ex van Houtte in FI. des Serres 14, 31. t.
1407. 1861. — HOLOTYPE: Plate 30!.
SaJi/ia s e a p e r f l o r e n s  La H a v e  in La Nat. 7, Apend. SI. 1865. — TYPE:
Type not designated; type material not located at G , where La 
Llave's specimens are deposited.
S a l v i a  f a s t u o s a Sessé and MociMo, Pi, Nov. Hisp. ed. 2. 7. 1393. --
S a l v i a  c a l y c i n f l a t a  Sessé and MociMo. Fi. Mex. in La Nat. ed. 2.
6. 1894. — HOLOTYPE: Plate 302, in the Torner Collection of
Sessé and Mocifto Biological Illustrations, deposited at the Hunt 
Institute for Botanical Documentation Carnegie-Mellon University, 
Pittsburgh. Slide of a tracing of Plate 302 deposited at G seen.
Robust showy shrub to 4 m call; stems and branches puberulent to
densely pubescent with vestiture of retrorse trichomes 0.2(— 0.5) mm
long. Leaves with petioles 0.7--3.4 cm long; blades ovate, 4.1 — 12.3
cm long, 1,6— 7.8 cm wide, puberulent on both faces with vestiture of
trichomes 0.3(--0.5) mm long, abaxial face lighter green, apex
caudate, margin serrate above middle and entire below middle, base
abruptly and briefly narrowed. Inflorescence a reduced 1-flowered
cymule, verticillasters 2-flowered in much-branched, flowering axes
crowded, panicle-like, to 12.7 cm long, crowded; pedicels 1.8— 7.2 mm
long; flowering calyx tubes subglobose, 0.9--2.1 cm long, 0.5— 1.7 cm
wide at mouth, fruiting calyx tubes l.-̂  2.1 cm long, 1.0 — — 1.7 cm
wide,subglobose, externally scarlet, glabrate with trichomes to 0.2 mm
long, lips acute, upper lip reticulate-veined; corolla scarlet, tube
2.0__4.0 cm long, galea 1.0— 2.2 cm long, lower lip 0.9— 2.2 cm long;
a n t h e r s  6.0— 10.7 mm long, ascendant connectives 7.0— 13.3 mm long,
105
rudders 1.3--3.8 mm long, free filaments 3.9--7.1 mm long; anterior 
style branch 1.5--4.2 mm long, posterior style branch 2.2--6.7 mm 
long. Nutlets ovoid, pubescent with vestiture of trichomes to 0.3 mm 
long. N = 11, Oak and pine woodlands on limstone substrates in the 
central Mexican highlands from Tamaulipas south and west to 
MichoacAn, Mexico, Puebla, Morelos and Guerrero; 1100--2250 m; 
August--February.
Representative specimens: MEXICO: GUERRERO: Mina, Zihyagio 0jo
de Agua, 1360 m , 16 October 1939, H i n t o n  970 (F, K, LA in ÜC, MO); 
along Mexico Highway 55, 2.3 mi. east of El Magote, about 23.5 mi. 
north of Tasco, 14 October 1975, Reveal 4 Harley 4Î 6 5 (LL, NY); 
JALISCO: on road from Chiquilistan to 0jo de Agua, 5.6 mi. northwest
of Chiquilstan, 5120 ft., 7 November 1975, P e t e r s o n  & B r o o a e  402 
(MONTU); MEXICO: Temascaltepee, Cumbre de Tejupiico, 2000 m , 12
September 1932, H i n t o n  Î539 (GH, K, LA in ÜC, MO); MICHOACAN: 
Coalcoman, S. Torricillas, 1800 m, 21 December 1938, H i n t o n  i 2 8 1 2 (F, 
GH, K, LA in UC, LL, MO, NY); along the road between Jaripoc and Los 
Reyes, 8.1 mi NW of junction between that road and the one to Jacona, 
in fence row thicket on S sdie of road, ca 1640 m , 10 October 1982, 
P e t e r s o n ,  S t r A c h a n 4 A h î e n s î a g e r  7 50 (MONTU); MORELOS: Cafiôn de
Lobos, a la altura del km 20 de la carretera Cuernavaca-Cuautle, 1320 
m, 18 December 1967, C r e s p o  240 (LL, MSC); along the road between 
Yautepec and Tepotzla, 1.9 mi S of overpass on MX 115D, Cuota, 3.5 mi 
SE of Tepotzla, on W-facing slopes and steep caftons, 1420 m, 19 
October 1982, P e t e r s o n ,  S t r a c h a n & A h l e n s l a g e r  7S8 (MONTU); MORELOS: 
lava fields above Cuernavaca, 6500 ft., 18 October 1900, Pringle SJ73
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(F, GH, K, M5C, NY, US).
6âi(/ia sessei is most similar to 3 , pubescens. Distinction 
between these species is discussed after the description of 
S. pubescens.
Although SaJyia sessei appears to be morphologically distinct from 
the other taxa, there are 2 populations of 3. sessei from Miquihuana, 
Tamaulipas ( S t a ^ d f o r d ,  et al. Ô4J, GH, MO, NY; and G o n z a S e z - H e d r  a n ü et 
ai, 4 7 1 3 , LL) which vary in the direction of S. r e g i a in that they 
possess smaller leaves than typical S, sessei. They are also more 
pubescent than typical S. sessei. Clearly, additional collections 
from Tamaulipas are needed to evaluate the variability of these 
populat i ons.
Saiyia sessei, with six synonymous taxa, is one of the best known 
species of this section. One collection from Petlacala, Guerrero 
( M exia 39 55, F, GH, LA in UC, LL, MO, NY) shows that local people call 
the plant Sanpre de Toro, Another collection, from Michoacan 
ISoder str 0 » & K i n g  4645, LL, NY, US) states that the plant is known 
there as San H i g u e l ,
3. Saikia pubescens Benth.
Saii/ia p u b e s c e n s  Benth., Lab. Sen. et Sp. Suppl. 723. 1335. — TYPE:
MEXICO: OAXACA: San Dionicio, Apr. 1834, A n d r i e u x  143,
HOLOTYPE: K!. ISOTYPES: F! , GH!.
S a l v i a  e u r a l i s Fern., Proc. Am. Acad. Arts 43: 65. 1907. --TYPE:
MEXICO; GUERRERO: Iquala Canyon, limestone cliffs, 2500 ft.,
3--5 ft., 28 Sept. 1905, P r i n g i e  10072, HOLOTYPE: GH!.
ISOTYPES: FI, UC!.
Shrub to 2(--3) m tall; stems and branches puberulent to densely
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pubescent with vestiture of trichomes 0.3(— 0.6) mm long. Leaves with 
petioles 0.7— 4.2 cm long; blades ovate, 2.0— 9.5 cm long, 2.1--5.6 cm 
wide, vestiture on both faces puberulent to densely pubescent with 
trichomes 0.3(--0,5) mm long, abaxial face lighter, apex acute, margin 
crenate to serrate, base rounded to abruptly cuneate. Inf 1 orescence a 
reduced 1-flowered cymule, verticillasters 2-flowered flowering axes 
raceme-like, to 8.7 cm long; pedicels 1.5— 4.2 mm long; flowering 
calyx tubes f1ared-funnelform (flared above the middle and narrowed at 
the base), 1.1--1.3 cm long, 0 .6--1.1 cm wide, fruiting calyx tubes 
1.0--1.B cm long, 0 .8--1.0 cm wide, externally scarlet or scarlet and 
green, vestiture puberulent to pubescent with trichomes to 0.4 mm 
long, lips acute, upper lip 5--7-veined ; corolla scarlet, tube
2.5— 4.5 cm long, galea 1,4— 2,3 cm long, lower lip 1.6— 2.3 cm long; 
anthers 7.0--11.7 mm long, ascendant connectives 9.4— 14.6 mm long, 
rudders 2.6--3.7 mm long, free filaments 3.4— 7.2 mm long; anterior 
style branch 1.6--4.0 mm long, posterior style branch 3.2--8.0 mm 
long. Nutlets elliptic, glabrate. N = 1B--22? Limestone slopes in 
dry oak scrub in Mexican highlands of Puebla, Guerrero and Oaxaca;
762— 2134 m; September— November.
Representative spec i mens; MEXICO: GUERRERO: Canyon walls of
limerock, Iguala Canyon, 3000 ft., 8 October 1906, P r i n g l e  Î03 2 3 (GH, 
MO, MSC, NY, U C , US); OAXACA: IB mi. southwest of the city of Oaxaca,
5200— 6800 ft., 2 October 1894, H e l s o n  152i (F, GH). OAXACA: Monte
Alban, 5800 ft., 4 October 1894, P r i n g l e  49 6 0 (GH, MSC, NY, UC); along 
MX Hwy 160 between Acatlàn and Huajuapan, 5.7 mi SE of the Oaxaca 
border, 4.0 mi NW of Huajuapan, on gentle slopes adjacent to both
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sides of road, 1930 m , 21 October 1982, Peterson, Strachan & 
/Ihiensiager 797 (MONTU); limestone slopes 13— 14 mi. north of Sola de 
Vega, 5400— 5500 ft., 16 August 1962, Webster, M i l l e r & Mi J J e r  Î 3G24  
(F, LA in UC); PUEBLA: brushy limestone hills, 12 mi. SE of 
Petalcingo, 6300 ft., 7 November 1964, Pipiey & B a r n e y  1 3 , 6 8 3 (NY).
Saii/ia p u b e s c e n s  has been the source of much taxonomic confusion. 
The most salient morphologic feature distinguishing it from the other 
taxa of the section is its the flared-funnlform calyces. Cytologicai 
observations show that it is a tetrapolyp1oid with 13 to 22 
chromosomes. Saiyia p u b e s c e n s has been confused most with 3. sessei; 
however, they can be differentiated by several characters. Saikia 
sessei has longer and wider median cauline leaves (2 .2:1 length;width 
blade ratio), much-branched, crowded panicle-like floral axes and 
larger subglobose calyces.
4. Saiyia r e g i a Cav.
S a l v i a regia Cav., leones et descrip. 5, t. 455. 1799. — S a l v i a
d e l t o i d e a  Pers., Syn. 1:28. 1805. — TYPE: MEXICO; in fundo de
Regia, Regni mexicani, perennial, August and September. HOLOTYPE; 
T. 455. Xerox of drawing seen.
S a l v i a  c r e n a t a  Martens & Baleotti, Bull. Acad. Roy. Sci. Bruxelles 
11:61-79. — TYPE: MEXICO: HIDALGO: Zimapân, cordillera,
Jun.--Oct., 1840, G a l e o t t i  704. HOLOTYPE: BR Î.
Showy shrub to 3 m tall; stems and branches glabrous to minutely 
puberulent with vestiture of triehomes 0.2(-- 0.4) mm long. Leaves 
with petioles 0 .2— 2.2 cm long; blades broadly deltate to sometimes 
subreniform, 1.2— B-1 cm long, 0.9--4.5 cm wide, adaxial face dark 
green, abaxial face lighter green, both faces minutely puberulent.
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hirtsllous along veins with trichomes 0 .2 (--0 .6 ) mm long, apex acute, 
margin crenate to serrate, base abruptly cuneate to truncate.
Inf lorescence a reduced 1-flowered, cymule, verticillasters 
1 —  2-flowered, flowering axes receme-like, to 7.1 cm long, pedicels
1.2--3.2 mm long; flowering calyx tubes funnelform, 0.B--1.8 mm long,
0.4--1.S cm wide at mouth, fruiting calyx tubes O.S — 1.7 cm long,
0.6 — 1.4 cm long, funnelform, externally scarlet or scarlet and green, 
vestiture minutely puberulent with trichomes 0 .2 (—  0 .7 ) mm long, lips 
acute, upper lip reticulate-veined ; corolla scarlet, tube 1.9--4.1 cm 
long, galea 0.S--2.2 cm long, lower lip 0.6— 2.3 cm long; anthers
6.5--11.6 mm long, ascendant connectives 7.4 — 14.0 mm long, rudders
2.2--4.4 mm long, free filaments 3.3--9.0 mm long; anterior style 
branch 2.1--6.5 mm long, posterior style branch about as long.
Nutlets ellipsoid to ovoid, glabrous. N = 11. Dry oak and pine 
woodlands, often on limestone substrates. Southern Texas (Big Bend 
National Park, Chisos Mountains) south to Mexico in the Sierra Madre 
Occidental and Sierra Madre Oriental from western Chihuahua, east to 
Coahuila, Nuevo Leon and Tamaulipas, south to Guanajuato, San Luis 
potosi, Hidalgo, Aguascalientes, Vera Cruz and Oaxaca; 1067— 3100 m ; 
June— November.
Representative specimens; MEXICO: COAHUILA: in arroyo on south
slope of mountain 24 km northwest of Frai le, 2900 ft., 15 July 1941, 
S t a n d f o r d f  R e t h e r f o r d  & H o r t h c r a f t  380 (GH, MO, NY, UC); GUANAJUATO: 
under cliffs near Acambaro, 6 October 1904, P r i n g i e  1 3 1 6 9 (F, GH, MO, 
MSC); HIDALGO: along MX Hwy 45, 14.0 mi W of junction with Hwy 65,
13.9 mi E of Huichapan, just W of bridge over deep vertical-sided
no
gorge on E side of gorge on steep nearly vertical slopes, 2070 m , 1 
November 1992, Peterson, S t m c b a n  & dhJensiager ÔJS (MONTU); chalk 
bluffs near Tula, 6800 ft., 20 September 1902, P r i n g l e  Î U 3 1  (F, GH,
K, LA in UC, MO, NY); NUEVO LEON: Hacienda Cieneguillas on Cerro
Potosi, 7700 ft., 7 August 1938, S c h n e i d e r  976 (F, GH, MO, NY);
OAXACA: Cerro Jicote, 1.5 km al W de Magdalena Jicotlàn, 2350 m , 20
August 1968, C i s n e r o s  Î90Î (MSC); along the dirt/gravel road between 
Tamazul apan-Conception Buenavista-Tejupân, 2.3 mi S of 
Suchiztalahuapa, 8.5 mi NE of Tejupân, 2130 m, 24 October 1982, 
Peterson, S t r a c h a n 4 dhiensiager 320 (MONTU); UNITED STATES: TEXAS:
BREWSTER CO.: Chisos Mountains, 24 July 1931, Mueller SI43 (LL, MO,
UC, US); at the head of Boot Spring, Boot Spring Canyon, about 2.5 mi 
up the trail from the campground, 1980 m, 25 September 1982, P e t e r s o n ,  
S t r a c h a n & A h l e n s l a g e r  672 (MONTU).
S. r e g i a is most similar morphologically to S. b e t u l i f o l i a .  
Distinction between these two species is discussed after the 
description of S. b e t u l i f o l i a .
S a l y i a  r e g i a is the most widely distributed of all the taxa in 
sect. E r y t h r o s t a c h y s , Indeed, it has the largest average coefficient 
of variation, 29.9%, of all the taxa for all the characters analyzed. 
Populations collected from Hidalgo exhibit slightly longer corolla
and calyx tubes.
Two collections made near Miquihuana, Tamaulipas show great 
variation. One of the collections i S t a n d f o r  d et a i . 2400, NY, US), 
exhibit typical morphological features, but the other collection 
{ S t  a n d  f o r d  et al. 651, NY, UC) is a mixed collection. The UC specimen
ill
appears to be morphologically typical, but the size and shape of
the leaves of the NY specimen resemble those of the two collections of
Saii^ia s e s s e i discussed under the description for S. s e s s e i . Although
the leaves of this specimen vary toward those of S. s e s s e i , the
calyces resemble those of S. regia. Additional collections
need to be made in the area of Miquihuahua, as S. r e g i a and S. sessei
may be growing relatively close together and perhaps occasionally
hybridizing.
Salvia r e g i a has two common names, Royal Sage (Vines i960) and 
Mountain Sage (Correll and Johnston 1970). Both Vines (I960) and 
Rickett (1966) wrote that Salvia r e g i a is "worthy of cultivation."
In addition, Correll and Johnston (1970) wrote it is "an ornamental 
plant that should receive more attention in landscaping." Simpson and 
McWilliams (1984) stated that Mount Emory Mountain Sage, S. r e g i a , has 
been registered with the International Code of Nomenclature for 
Cultivated Plants and is available to retail nurseries. This species 
is known as the Queen of the Chisos Mountains.
5. Salvia b e t u l i f o l i a  Epling
S a l v i a  b e t u l i f o l i a  Epling., B u l l . Torrey Bat. Club 68: 552-568.
1941 --TYPE: MEXICO: DURANGO: iejamén, ^^-z7 Huqust 1906.
P a l a e r  477. HOLOTYPE: US!. ISOTYPES: US!, Fi, GH!, Lm in UC!,
MO!, NY!, UC!.
from
Shrub to 2< — 3) m tall; stems and branches glabrous or puberulent
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with vestiture of trichomes 0.3(— 0.5) mm long. Leaves with petioles 
cm long; blades ovate to deltate, 2.6--7.0 cm long, 2.0— 5.1 
cm wide, adaxial face dark green, minutely puberulent, abaxial surface 
lighter green, hirtelious along veins with trichomes to 0 .3 (--v.5) mm 
long, apex acute, margin crenate to serrate, base abruptly cuneate to 
rounded. Inf1 orescence a reduced 1-flowered cymule, verticillasters
2-flowered, flowering axes unbranched, receme-like, to 10.5 cm long; 
pedicels 2 ,1— 5.0 mm long; flowering calyx tubes funnelform, 1.1--2.1 
cm long, 0.7--1.4 cm wide at mouth, fruiting calyx tubes 1.2--2.0 cm 
long, 0.9 — 1.4 cm wide, funnelform, externally scarlet or scarlet and 
green, vestiture puberulent with trichomes 0.2 (— 0.4) mm long, lips 
acute, upper lip 5--7-veined; corolla scarlet, tube 2.3--3.5 cm long, 
galea 1.2— 1,9 cm long, lower lip 1.0--1.9 cm long; anthers 5.8— 11.8 
mm long, ascendant connectives 8.5— 12.1 mm long, rudders 2.9--4.0 mm 
long, free filaments 4.4--8.5 mm long; anterior style branch 1.0--3.7 
mm long, posterior style branch 2.8— 5.6 ram long. Nutlets ellipsoid, 
glabrous, N = 22. Dry oak and pine woodland slopes on limestone or 
volcanic substrates in Chihuahua and Durango, Mexico; 1585— 2438 m ; 
August— October.
Représentât!ve specimens: MEXICO: CHIHUAHUA: Guachochi, near
pass between Humira and Basiguare, near km 47.9 of Creel-Guachochi 
road, UTM zone 13, 303 10 km N, 24 10 km E, 1982 msm, 19 October 1979, 
Sye 9 6 2 3 (LL, NY, UC, US); ledges along stream 23 miles west of 
Parral, along road to Ojito, 5200 ft., 6 October 1959, C o r r e J I &
Gentry 2 2 3 5 5 (LL, MO, UC); along MX Hwy 24 to El Vergel, 10.9 mi. W of 
junction with MX Hwy 12 near Hidalgo del Parral, 2000 m, 3 Oct 1932,
P e t e r s o n ,  S t r a c h e n & Ahler.slager 703 (MONTU); Mojarchic, 18 June 1933, 
Kti 0 b ̂  0 c h 5 2 6 3 (F, MSC). MEXICO: DURANGO: Santiago Papsaquiaro, April
Sî August 1896, f a l s e r  404 (F, NY, MO, ÜC); along the dirt road from 
Hidalgo del Parral toEl Vergel, about 47 mi. W of Parral and 11.5 mi.
W of Ojito, 8000 ft, 12 Sept 1972, Keyeal & Hess 3 0 3 7 (MSC, NY, US).
Sail/ia b e t o l i f o l i a  is morphologically most similar to S. 
pui?65cens; however, the two species are geographically distinct with 
hundreds of miles separating them. Sairia b e t u l i f o l i a is in northern 
Mexico while S. pubesceris is in the central Mexican highlands. Thev 
have several morphological differences. S a l v i a  p u b e s c e n s  can be 
readily differentiated by its longer median cauline leaves, more 
densely pubescent leaves and stems, smaller f1ared-funnelform fruiting 
calyces and central Mexican highland distribution.
S a l v i a  b e t u î i f o l i a  is also rather similar to S. regia. The two 
species are both found in the Sierra Madre Occidental in similar 
sites. However, S. r e g i a can be readily distinguished by its shorter, 
broadly deltate median cauline leaves with a 1.1:1 length:width blade 
ratio, shorter flowering axes with smaller fruiting calyx tubes.
The morphological phase described by Reveal and Hess, Saii'ja 
be till ifo 1 i a var. chasmeaa, is not sufficiently distinct enough from 
S. b e t u i i f o I l a  as described by Epling to recognize it as an 
infraspecific taxon.
EXCLUDED TAXA
1. Sdli'i'a s o u c b e t i i  van Houtte, in FI. des Serres, 14. 32. 1861.
Index Kewensis (1685) refers to SaJyia s o u c h e t t i van Houtte as a
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synonym of S. r o e z l i . However van Houtte's article shows that he 
intended S. s o u c h e t t i  to be a form of S. s p l e n d e n s Ker-Gawl., and not
S. r o e z l i , Moreover, S. souchetti is a no wen nudum.
2. SaJyia adgiutinans Lagasca, Gen. et 5p. Nov. 2. 1816.
Epling (1939b) questioned the inclusion of S a l v i a  a d g i u t i n a n s  
Lagasca as a synonym of S. p u b e s c e n s . Upon evaluating the original 
description of S. adgiutinans and seeing a slide of a tracing of 
S, a d g i u t i n a n s  from de Candolle's Herbarium at Geneva, Î conclude that 
S. a d g i u t i n a n s  is a much different plant than S. pubescens. Thus,
S. adgiutinans should be condsidered as an excluded taxon from sect.
E r y t h r o s t a c h y s .  S a l v i a  a g g l u t i n a n s is an orthographic variant 




Four of the five species in sect. E r y t h r o s t a c h y s  may exhibit 
morphological intergradation for several critical characters; two 
species are morphologically similar. Although Salvia libaTiensis is 
morphologically quite distinct from the other taxa, it has several 
morphological characteristics in common with the other species.
Epling (1939b) primarily used floral characters to delineate the 
sections of subg. C a î o s p h a c e , Those characteristics differentiating 
sect. Erythrostachys include:
1. calyces inflated, more or less reticulate venulose, upper lip 
with at least 5--9 veins.
2. corolla tube straight, epapillate, scarlet, 1.9— 4,5 cm long.
3. posterior style branch longer than (rarely equal to) the 
anterior one.
4. stamens included within the galea and inserted in the throat.
5. lower anther connective (rudder) entire or with small extended 
or retrorse tooth at the connection.
6 . trichomes unbranched.
7. subtending floral bracts caducous or deciduous.
The species of sect. Erythrostachys also overlap in range and 
957. C.I. if the mean for most of the characters I examined. Thus, the 
taxa of this section appear to form a natural group. The species do
have significant differences for many characters, as shown by anovas
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and Schstte's tests. SaJyja r eg i a ̂ S . b e t u l i f o i i a , S. p u b e s c e n s and
3- s e s s e i share more similarities with one another than with 
S . l i b a n e n s i s .
Saikia l i b a n e n s i s shares some characteristics with the other 
species of the section, including gaieas and lower lips about equal 
in length, calyces more or less inflated, posterior style branch 
longer than anterior one, scarlet flowers and a shrubby habit. The 
Colombian species differs from the other taxa by a number of salient 
characteristics. The typical cymule of sect. E r y t h r o s t a c h y s  is 
one-flowered; however, those of S. l i b a n e n s i s are two- to 
five-flowered. The petioles, pedicels and flowering axes of this 
species are all significantly longer than those of the other taxa.
The calyces of 3. l i b a n e n s i s ^ with acute lips, are not as inflated as 
those of the other taxa, which have obtuse lips instead.
Saiyj'a l i b a n e n s i s is only known from three Colombian populations 
and is disjunct from the other taxa. Cytological data for this 
species are lacking. Any reconsideration of the inclusion of this 
species in sect. E r y t h r o s t a c h y s  should be postponed until chromosome 
counts are made and additional populations are collected.
The other four species of sect. E r y t h r o s t a c h y s  all have inflated 
calyces, one-flowered cymules and Mexican distributions. The corollas 
of these species are quite similar. Calyces, while differing slightly 
in size, have significantly different shapes. Indeed, calyx shape is 
the most salient character in differentiating among three of the four 
species. The calyx tubes of S a / n a  r e g i a and 3- b e t u l i f o l i a  are 
funneiform and those of S. s e s s e i are subglobose (rounded at the
117
base). The flared-funneiform (narrowed at the base) tubes of
p u b e s c e n s ) are intermediate in form between S. r e g i a and S , sessei.
As a group, vegetative characters are the most diagnostic. Median 
cauline leaf length is significantly different for each of these taxa. 
In addition, length:width ratio is also a distinguishing character for
these species, averaging 1.1:1 for Salvia re gia, 1.3:1 for
b, lib an en sis, 1.5:1 for S. b e t u l i f o l i a ,  1.7:1 for S. pubescens and 
2,2:1 for S. s e s s e i . Although rather variable and perhaps more 
difficult to assess accurately, vestiture characters are also 
d iagnostic.
Of the four similar species, Salvia r e g i a and S. s e s s e i are the 
most distinct from one another. The most easily recognized diagnostic
floral characters include calyx shape and nature of the flowering
axis, including length and number of flowering nodes. In addition, 
median cauline leaf length, width and length:width ratio differ 
significantly. Cytologically, both species are diploids with 
N = 11. Populations of both taxa from Miquihuana, Tamaulipas show 
intermediate morphology. Additional populations and, most 
importantly, cytologic material are needed from this area.
Morphologically, Salvia betulifolia and 3. p u b e s c e n s are the most 
similar and historically the most confused taxonomical iy. They 
readily can be distinguished by calyx shape, vestiture and 
distribution. Both species are intermediate in morphology between 
S- r e g i a and S, s e s s e i . Chromosome counts and behavior show 
3. b e t u l i f o l i a  (N = 22) and S. p u b e s c e n s (N = 18— 22) are 
al1otetrap1oids, The cytological evidence is supported by
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intermediate morphology, high poll en stainability and longer guard 
cells for the two species.
in assessing the relationships between the two diploids and two 
allotetraploids, it is interesting to note that Sàîv i a b e t u l i f o l i a  is 
more similar morphologically to S. r e g i a than to S. s e s s e i .  S a l v i a  
r e g i a and S- b e t u l i f o l i a  both have -funneiform calyces and are found in 
Chihuahua and Durango. The leaves of S. b e t u l i f o l i a are intermediate 
in size and shape between those of S. r e g i a and S. s e s s e i . The 
flowering axis of £. b e t u l i f o l i a is unbranched, like that of 3. regia; 
however, it is often much longer and appears more crowded like that of
b. s e ssei
Although Saivia b e t u l i f o l i a appears to vary more in the direction 
of S. r e g i a f  S. p u b e s c e n s  is more nearly intermediate between 3. re g i a  
and S. s e s s e i . The calyces of 3. p u b e s c e n s are neither regularly 
funneiform like those of S. regia, nor are they rounded at the base, 
like those of 3 . s e s s e i ; rather, they are flared above the middle and 
narrowed at the base. The leaves of 3. pubescens are intermediate in 
size and shape between 3. r e g i a and 3. s e s s e i . The vestiture of 
3 , pubescens is often densely pubescent, whereas 3, s e s s e i is often 
glabrous to puberulent. The vestiture of 3. r e g i a is more pubescent 
than that of 3. s e s s e i . Finally, S. p u b e s c e n s is known only from the 
central Mexican highlands. Similarly, S. r e g i a and S. sessei are also
found in this area.
From the morphological, cytological and biogeographical evidence I
have gathered, the phylogenetic relationships among the taxa of sect. 
e r y t h r o s t a c h y s  can be hypothesized using a phylogenetic methodological
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approach known as "outgroup comparison". Application of this method 
involves character comparison between the group in question, the 
ingroup (here, sect. E r y i h r o s t A c h y s ) ^  and another closely related 
group, the outgroup or sister group (Eldredge & Cracraft 1980, Wiley 
19B1), Thus, the phylogenetic trends exhibited for various 
morphologic characters can be hypothesized in terms of polarity and 
direction. Unspecialized (= primitive) characters are termed 
"p1esiomorphic", while specialized (= advanced) characters are termed 
"apomorphic". If a particular state is present only in the ingroup and 
not in the outgroup, it is concluded that the character evolved 
uniquely as a specialization in the ingroup. Groups of related taxa 
are then defined in terms of shared, specialized characters 
(= synapomorphies). For this exercise, I have chosen sect. H o b i les as 
the sister group. Like sect. E r y t h r o s t a c h y s , sect. H o b i î e s comprises 
robust, red-flowered shrubs, often over two meters tall. The galea 
and lower lips of the corolla are more or less equal for both 
sections, a common modification in hummingbird pollinated flowers. 
Members of sect. H o b i î e s are distributed from Mexico south to the 
Brazilian highlands.
Figure 13 summarizes the relationships and character trends for 
members of sect. E r y t h r o s t a c h y s  and its sister group, sect. Wubiies. 
Apomorphies (advancements) are shown by closed black bars, while 
p1esiomorphies (retained unspecialized characters) are shown by open 
black bars. Table 20 presents the characters employed along with 
their apomorphic and p1esiomorphic condition.
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Figure 13. Ciadogram for sect, t r y th r ü s t a c h y s .  Closed bars 
represent apomomorphic condition; open bars represent p 1esiomorphic 
condition. See Table 20 and text f or explanation of numbered codes.
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în terms of synapomorphies, sect. E r y thr o s t a c h y s is primariiv 
distinguished from its sister group by red, inflated calyces, and 
caducous bracts. Within sect. E r y t h r o s t a c h y s ,  S a i v i a  iibaTiensis 
clearly stands apart from other species. Salkia î i b a n e n s i s retains 
the plesiomorphic 2— 5—flowered cymules, by far the prédominent 
condition within subg. C a l o s p h a c e , as well as in the family Lamiaceaa. 
Furthermore, S. lib an en sis exhibits plesiomorphies for calyx venation 
{prominently 5--7-veined) and calyx lips (acute). This South American 
species does appear to possess several apomorphic characters which 
further define it. Synapomorphies include prominent dense vestiture, 
generally with rather long trichomes and significantly longer petioles 
and pedicels.
S a l v i a  r e g i a and S. s e s s e i possess three major apomorphic 
conditions, including one-flowered cymules, reticulate-veined upper 
calyx lips which lack prominent veins, and obtuse calyx lips. S a l v i a  
s e s s e i exhibits a suite of apomorphic conditions, including subglobose 
calyces with rounded bases, multi-branched flowering axes and reduced 
or absent inflorescence leaves. Sail/ia regia is differentiated from
3. s e s s e i by apomorphies including deltate reniform leaves and smaller 
leaf size in general. These characters may be connected with what 
appears to be an overall specialization in 3. re g i a for growth in
semi—arid habitats.
The two ailotetraploid species, Saivia b e t u l i f o l i a  and 
S. p u b e s c e n s  are shown in Figure 13 as reticulations in the cladogram,
i.e., as results of hybridization events. They are distinguished from 
the other species in the section by their tetraploid condition. My
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data do not contradict the idea that the two diploid species S , regia 
and b , s e s s e i are the putative parents, it is possible that the 
parentage of the ailotetraploid species may include extinct diploid 
species. The strongest evidence to support a hypothesis of S. regia 
and b , s e s s e i as the parental species would have to come from 
experimental breeding and hybridization studies between these two 
diploid species.
The center of origin for this section is probably one of two 
general areas. If Sait/ia libanensis is the most primitive species ot 
the section, then perhaps South America is the center of origin for 
the section. This notion would be supported by the idea that the 
least specialized members of a group remain best adapted to the area 
of their origin; thus, the geographical center of origin for a group 
generally retains the most primitive members (Stebbins 1950.)
A second idea of historical and biogeographical note is that the 
center of origin of a group contains the highest concentration of 
species, regardless of whether those species are unspecialized or 
specialized. This idea points to a central Mexican highland origin 
for the species of sect. E r y t h r o s t a c h y s ,  For sect. E r y t h r o s t a c h y s  it 
is not yet possible to adopt one of these scenarios, until more 
botanical and geologic information is gathered. The detailed 
distribution patterns of closely related sections must first be 
determined. In addition, more detailed information on pre- and 
post-Pleistocene changes in the floras of Mexico, Central America and
South America is required.
Nevertheless, it is highly probable that the distributions of
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these species have changed over time. The events which led to the 
expansions and contractions of the ice sheets during the Pleistocene 
also led to major climatic changes in lower latitudes. The major 
climatic belts, as well as the major vegetation zones were altered. 
These environmental changes led to changes in floral and fauna! 
distributions in the tropics (Goudie 1977).
In South America the ice sheets developed from the Andean 
Cordillera and in those mountains more or less continuous zones of 
glaciation extended to about 30° S latitude, though north of 38° S the 
ice did not extend far from the Cordillera. In South America, the 
northernmost location of a body of ice was in the Sierra Nevada de 
Santa Marta in Colombia (Goudie 1977), where SaJyia
Ii ban e n s i s is found today. Undoubtedly, the Pleistocene did effect 
the distributions of taxa in sect. Erythrostachys, but until 
additional botanical and geological data concerning the center of 




Historically, there has been taxonomic confusion surrounding the 
taxa of Saii^ia subg. C a l o s p h a c e  sect. E r y t h r o s t a c h y s  which comprises 
Sait^ia regia, S. b e t u l i f o l i a  var. detuiifüiia, 3. betuiifüiia var. 
c h a s w e a a , 3. pubescens, S. s e s s e i and S. l i b a n e n s i s , Epling s 1939 
revision is the most recently published treatment of the entire 
subgenus. To evaluate the relationships among these taxa, 
morphological and cytological studies were combined with field work.
Plant populations were sampled throughout the range for each 
taxon, except for the Colombian species S a l w i a  l i b a n e n s i s . Data 
for these collections were used to determine morphological variation 
within and between populations. Herbarium specimens were analyzed to 
assess morphological variation among all taxa of the section. 
Initially, 133 characters, including 85 continuous and 43 discrete 
were assessed for each specimen examined. Principal component 
analysis was applied to the 85 quantitative characters to determine 
redundant characters. Redundant and problematic characters were 
eliminated from the further analyses. Analysis of variance and 
Scheffe's range tests were used to identify significant differences 
between taxon pair combinations for 37 quantitative characters. These 
tests facilitated identification of the most diagnostic characters for 
the group including uppermost leaf length and median cauline leaf 
length:width ratio, vestiture density, as well as fruiting calyx tube 
shape and mouth width.
Results from statistical and multivariate analyses support the 
recognition of five species in sect. E r y t h r o s t a c h y s , S a l u i a  regia.
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S, b e t ü l i f o i i ü f  ■£. pubescens. S, sessei and S, iibanensis. S a i v i a  
b e t u l i f o l i a  var. chasmema does not differ sufficiently from
3. b e t u l i f o l i a  described by Epling (1939b) to be considered an 
infraspecific taxon.
Morphologically, Saiyia iibanensis is the most distinct species. 
Discriminant analyses and anovas with Scheffe's tests show 3. regia 
and S. sessei to be morphologically distinct from one another. S a l v i a  
betulifolia and S, p u b e s c e n s  are morphologically intermediate between
S. repla and S. sessei. They have been the source of much of the 
taxonomic confusion for this section.
Cytological studies support the results from the morphological 
study. Chromosome counts show Salyia r e g i a and 3. sessei, both 
N = 11, to be diploids. Although these two diploid species have the 
same chromosome number, they are quite distinct morphologically. 
Chromosome counts are lacking for 3- lib an en sis. Cytologic data show
S. betulifolia, N = 22, and 3. pubescens, N = 13--22, to be 
allotetraploids. Chromosomal behavior, intermediate morphology, 
longer guard cells and high pollen stainability all support the 
hypothesis that these two species are allotetraploids.
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Plaie 4. Sa î v  ia s e s s e i . A = representative specimen, 
B = inflorescence.
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Plate 5. S a l v i a  p u b e s c e n s . A = representative specimen, 
B = inflorescence.





Plate 6. Morphological comparison of the four problematic species.
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This appendix presents an index to the variable labels for each of 
the quantitative and qualitative characters examined, along with 

















r e g i a  
s e s s e i 
p u b e s c e n  s
4 -
5 -
S, 1 ibaneiis is 
S . b e t u l i f o l i a
Collection and duplicate numbers.
Herbar i urn.
0 - BM, British Museum
0 - BR, Bruxelles - Jardin du Botanique National
0 - SR5C, Sul Ross State University
1 - MONTU, University of Montana, Missoula 
1 - UC, University of California, Berkeley
1 - LA in UC, University of California, Los Angeles
2 - NV , New York Botanical Garden
3 - US, U.S. National Herbarium
4 - F, Field Museum
5 - G H , Gray Herbarium of Harvard University
6 - K, Royal Botanical Gardens
7 - TEX, University of Texas, Austin 
7 - LL, Lundell Herbarium
6 - MSC, Michigan State University, East Lansing 
9 - MG, Missouri Botanical Garden
Plant height in meters.
Upper stem pubescence orientation.
1 - retrorse 3 - antrorse
2 - erect
Upper stem pubescence density (trichoroett/mm*) for side A,
Upper stem pubescence length for side A (mm).
Upper stem pubescence density (trichomeft/mm®) for side B.




















Inflorescence stem pubescence orientation.
1 - retrorse 3 - antrorse
2 - erect
Inflorescence stem pubescence density (trichome#/mro^) for 
side A.
Inflorescence stem pubescence length for side A (mm).
Inflorescence stem pubescence density (trichcme#/mm*) for 
side B.
Inflorescence stem pubescence length for side B (mm).
Terminal stem condition. 
1 - dead 2 “ alive
SPCC
Leaves in inflorescence, relative to size of lower leaves.
1 - lacking 4 - reduced to same
2 - lacking to reduced 5 - same
3 - reduced
Petiole channelling and pubescence.
1 - no channel, no pubescence difference
2 - adaxial channel, no pubescence difference
3 - adaxial channel, denser pubescence in channel
Adaxial petiole pubescence density(trichome#/mm=).
Adaxial petiole pubescence length (mm).
Abaxial petiole pubescence density(trichome#/mm=).
Abaxial petiole pubescence length (mm).
Inflorescence leaf petiole length (mm).
Inflorescence leaf length shape.
1 - narrowly triangular 2 - ovate
Inflorescence leaf width shape.
1 - lanceolate 4 - very widely ovate, deltate
2 - ovate 5 - shallowly deltate
3 - widely ovate
Inflorescence leaf curved edge presence.




















Inflorescence leaf apex shape.
1 - acute 3 - acuminate
2 - acute-acuminate 4 - cuspidate
Inflorescence leaf base shape.
0 - cordate
1 - abruptly cuneate to truncate
2 - abruptly cuneate to truncate, rounded
3 - rounded
4 - rounded to abruptly - briefly narrowed
5 - abruptly briefly narrowed
6 - narrowed
Inflorescence leaf margin.
1 - entire 4 - serrate
2 - crenate 5 - entire below middle and
3 - crenate-serrate serrate above middle
Inflorescence leaf length (mm).
Inflorescence leaf width (mm).
Inflorescence leaf length:width ratio.
Uppermost leaf petiole length (mm).
Uppermost leaf length shape.
SEE Inflorescence leaf length shape (SPLG3H).
Uppermost leaf width shape.
SEE Inflorescence leaf width shape (SPWISH).
Uppermost leaf curved edge presence.
1 - absent 2 - present
Uppermost leaf apex shape.
SEE Inflorescence leaf apex shape (SPAPX).
Uppermost leaf base shape.
SEE Inflorescence leaf base shape (SPBAS).
Uppermost leaf margin.
SEE Inflorescence leaf margin (SPMAR).
Uppermost leaf length (mm).























Uppermost leaf length:width ratio.
Collection and duplicate numbers.
Herbar iurn.
SEE Herbarium (HBA).
Median cauline leaf petiole length (mm).
Median cauline leaf length shape.
SEE Inflorescence leaf length shape (SPLGSH).
Median cauline leaf width shape.
SEE Inflorescence leaf width shape (SPWISH).
Median cauline leaf curved edge presence.
1 - absent 2 - present
Median cauline leaf apex shape.
SEE Inflorescence leaf apex shape (SPAPX),
Median cauline leaf base shape.
SEE Inflorescence leaf base shape (SPBAS).
Median cauline leaf margin.
SEE Inflorescence leaf margin (SPMAR).
Median cauline leaf length (mm).
Median cauline leaf width (mm).
Median cauline leaf length:width ratio.
Upper leaf surface pubescence density (trichomeü/mmZ).
Upper leaf surface pubescence length (mm).
Lower leaf surface pubescence density (trichome#/mm^).
Lower leaf surface pubescence length (mm).


































1 - moniiiform 2 - crowded
Length of flower-bearing portion (cm).
Number of flower nodes.
Length between top verticillaster nodes (mm). 
Length between bottom verticillaster nodes (mm). 
Length of stem below inflorescence (cm).
Number of leaf nodes below inflorescence.
Flower bract length (mm).
Flower bract width (mm).
Flower bract length;width ratio.
Number of veins on calyx.
Outer calyx pubescence presence.
1 - absent 2 - present
Outer calyx pubescence orientation.
2 - perpendicular 3 - antrorse
Outer calyx pubescence density (trichome#/mm^).
Outer calyx pubescence length (mm).
Inner calyx pubescence presence.
1 - absent 2 - present
Inner calyx pubescence density (trichome#/mm=*) .
Inner calyx pubescence length (mm).
Flowering calyx tube length (mm).
Flowering calyx tube mouth width (mm).
Flowering calyx tube base width (mm).

























Flowering calyx tube length:mouth width ratio.
Flowering calyx tube mouth width:base width ratio.
Upper -flowering calyx lip length (mm).
Upper flowering calyx lip apex shape.
1 - obtuse 2 - acute
Lower flowering calyx lip length (mm).
Lower flowering calyx lip apex shape.
1 - obtuse 2 - acute
Flowering upper calyx lio length:lower calyx lip length 
ratio.
Fruiting calyx tube length (mm).
Fruiting calyx tube mouth width (mm).
Fruiting calyx tube base width (mm).
Fruiting calyx tube length:mouth width ratio.
Fruiting calyx tube mouth width:base width ratio.
Fruiting calyx tube shape.
1 - funnelform 3 - campanulate
2 - flared funneliform
Fruiting calyx tube side shape.
1 - straight 3 - concave-convex
2 - concave 4 - convex
Fruiting calyx tube mouth shape.




























1 - retrorse 3 - antrorse
2 - spreading
Pedicel pubescence density (trichome#/mm=;. 
Pedicel pubescence length (mm).
Corolla tube length (mm).
3 - constricted
ventricose








2 - spreading 3 - antrorse
Galea pubescence density (trichome#/mm )
Galea pubescence length (mm).
Median lower lip length (mm).
Median lower lip width (mm).
Median lower lobe length (mm).
Median lower lobe width (mm).
Median lower lobe shape.
1 - ovate
2 - depressed ovate
3 - obovate
Lateral lobe length (mm) 
Lateral lobe width (mm).
Lateral lobe shape.
SEE Median lower lobe shape (MLBSH).
4 - very widely obovate
5 - deoressed obovate



























Free filament length (mm).
Rudder length (mm).
Rudder shape.
1 - knob absent 2 - knob present
Ascendant connective length (mm).
Anther 1ength (mm).
Staminodia length (mm).
Staminodia pubescence density (trichomeW/mm^).
Staminodia pubescence length (mm).
Posterior style branch length (mm).
Anterior style branch length (mm).
Style pubescence presence.
1 - absent 2 - present
Posterior style branch pubescence density (trichome#/mm^).
Posterior style branch pubescence length (mm).
Anterior style branch pubescence density (trichome#/mm^) .
Anterior style branch pubescence length (mm).
Gynobase horn length (mm).
Nutlet length (mm).
Nut 1 et width (mm).
Nutlet shape.
1 - ellipsoid 2 - ovoid
Nutlet pubescence presence.
1 - absent 2 - present















MEASUREMENTS FROM S A L V I A  B E T U L I F O L I A  PALMER 477
All measurements are in millimeters. S = Sheet number,
M = Measurement number, PLG = Petiole length, LWI = Leaf width,
LGWI = Length:width ratio, U = Pubescence density (trichome#/mm^) on 
upper leaf surface, L = Pubescence density (trichomeft/mm*)on lower 
leaf surface.
s M PLG LLG LWI LGWI U L S M PLG LLG LWI LGWI U L
1 1 080 225 150 150 20 20 4 1 110 240 200 120 30 40
1 2 070 250 170 147 20 20 4 2 100 250 230 109 40 30
1 3 120 260 230 113 20 10 4 3 080 220 160 138 30 20
1 4 110 270 160 169 20 30 4 4 060 180 120 150 10 20
1 5 060 310 220 141 10 30 4 5 140 240 200 120 10 30
1 6 120 420 260 162 20 30 4 6 080 180 180 100 10 30
1 7 060 205 120 171 30 40 4 7 050 270 180 150 10 30
1 8 070 220 130 169 20 30 4 8 070 180 180 100 20 20
2 1 030 110 100 110 30 40 5 1 120 380 200 190 10 10
2 2 030 130 150 120 20 20 5 2 090 290 190 153 10 20
2 3 060 210 140 150 20 30 5 3 100 240 180 133 10 30
2 4 040 150 100 150 30 20 5 4 060 400 230 174 20 10
2 5 030 150 100 150 30 20 5 5 140 510 450 113 20 20
2 6 030 100 100 100 20 30 5 6 110 330 220 150 20 10
2 7 045 200 130 154 20 30 5 7 065 390 240 163 20 20
2 8 040 180 120 150 20 20 5 8 100 460 280 164 10 10
3 1 050 160 120 133 20 10 6 1 030 150 110 136 30 10
3 2 090 210 130 162 20 20 6 2 040 160 090 178 20 02
3 3 050 240 210 114 30 30 6 3 050 160 120 133 20 30
3 4 060 250 190 132 30 20 6 4 040 160 090 173 30 30
3 5 050 160 110 146 30 30 6 5 045 170 090 189 40 30
3 6 040 240 140 171 20 20 6 6 050 150 100 150 30 40
3 7 060 160 110 146 30 30 6 7 040 140 120 117 30 30




Descriptive statistics tor each character retained for analysis, 
as shown on Table 2, is presented here. There are two tables tor each 
character. The top table presents statistics on each population 
analyzed from data from the field sampled populations. The bottom 
table presents statistics on each species using the population data 
from from the field sampled populations and herbarium loan data. The 
index in APPENDIX A defines the coded values for discrete characters.
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APPENDIX C. Plant height in meters.

























































Species n Min. Max. Mean SE of X Std.Oev. CV(")
Field-collected populations;
S. regia 35 1.20 2.50 1.79 0.07 0.42 23.2
S. betulifolia 15 1.50 2.00 1.67 0.06 0.24 14.6
S. pubescens 20 2.00 2.00 2.00 - - -
S. sessei 72 2.00 4.00 2.95 0.07 0.42 20.7
Herbarium loans:
S. regia 55 1.00 3.00 1.60 0.07 0.54 33.9
S. betulifolia 7 1.50 2.50 1.89 0.17 0.46 24.2
S. Pubescens 13 1.50 4.00 2.27 0.19 0.67 29.3
S. sessei 53 1.00 6.00 2.87 0.12 0.91 31.6
S. libanensis 1 - - 1.00 - - -
APPEWUIX C. Inflorescence stem pubescence orientation.
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îcies Pod * n 1 2 3 Mean
regia 672 5 5 1.0
687 5 5 - _ 1.0696 5 5 - _ 1.0
820 5 5 _ _ 1.0
838 5 5 - _ 1.0
842 5 5 _ _ 1.0
844 5 2 2 1 1.3
betulifolia 703 5 5 1.0
709 5 5 . 1.0
710 5 5 - - 1.0
pubescens 796 5 5 _ 1.0
797 5 5 - 1.0
825 5 5 - - 1.0
828 5 5 - - 1.0
sessei 750 5 5 _ _ 1.0
751 5 5 - 1.0
752 5 5 . _ 1.0
766 5 - 5 2.0
767 5 5 - 1.0
768 2 2 - _ 1.0
769 5 5 - _ 1.0
775 5 2 3 _ 1.6
776 5 5 - - 1.0
778 5 - 5 - 2.0
779 5 1 4 - 1.8
786 5 4 1 - 1.2
788 5 5 - - 1.0
794 5 5 - - 1.0
795 5 - 5 - 2.0
Species n 1 2 3 Mean
Field-collected populations:
S_. regia 35 32 2 1 1.1
S. betulifolia 15 IS - - 1.0
S. pubescens 20 20 - - 1.0
S. sessei 72 49 23 - 1.3
Herbarium loans:
S. regia 151 148 1 2 1.0
S. betulifolia 19 18 1 - 1.1
S. pubescens 22 22 - - 1.0
S. sessei 89 83 6 - 1.1
S. libanensis 3 - - 3 2.0
APPENDIX C. Inflorescence stem pubescence density (trlchomel/inn ) for side A.
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672 5 - 10.0 5.0 2.2 5.0 100.0687 5 - - _ - _ -696 5 - 10.0 4.0 1.9 4.2 104.6820 5 - 5.0 1.0 1.0 2.2 223.6838 5 - 15.0 7.0 2.6 5.7 81.4842 5 5.0 10.0 8.0 1.2 2.7 34.2844 5 - 10.0 2.0 2.0 4.5 223.6
703 S 5.0 10.0 7.0 1.2 2.7 39.1709 S 5.0 15.0 9.0 1.9 4.2 46.5710 5 5.0 15.0 11.0 1.9 4.2 38.0
796 5 40.0 40.0 40.0 - _ _797 5 40. D 40.0 40.0 - . -825 5 20.0 40.0 26.0 4.0 8.9 34.4828 5 40.0 40.0 40.0 - - -
750 5 40.0 40.0 40.0 _ .751 5 40.0 40.0 40.0 - _ -752 5 40.0 40.0 40.0 - . -766 5 40.0 40.0 40.0 -767 5 40.0 40.0 40.0 - - -768 2 40.0 40.0 40.0 - . -769 5 40.0 40.0 40.0 - - -775 5 40.0 40.0 40.0 _ . -776 5 40.0 40.0 40.0 - - -778 5 40.0 40.0 40.0 - - -779 5 40.0 40.0 40.0 - - -786 5 40.0 40.0 40.0 - - -788 5 40.0 40.0 40.0 -794 5 40.0 40.0 40.0 - - -795 5 40.0 40.0 40.0 - - -
Species n Min. Max. Mean SE of X Std.Oev. CV(t)
Field-collected populations:
S. regia 35 - 15.0 3.9 0.8 4.6 118.0
S. betulifolia IS 5.0 15.0 9.0 1.0 3.9 43.0
S. pubescens 20 20.0 40.0 36.5 1.7 7.5 20.0
S. sessei 72 40.0 40.0 40.0 - - -
Herbarium loans:
S. regia 151 - 40.0 4.6 0.5 5.9 128.9
S. betulifolia 19 - 15.0 7.6 1.2 5.1 66.8
S. Dubescens 22 10.0 40.0 38.2 1.4 6.7 17.4
S. sessei 89 10.0 40.0 39.6 0.4 3.3 8.5
S. libanensis 3 10.0 40.0 30.0 10.0 17.3 57.7
APPENDIX C. Inflorescence stem pubescence length (mn) for side A.
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Species n Min. Max. Mean SE of X Std.Oev. CV(t)
Field-collected populations:
S. regia 35 - 0.40 0.08 0.02 0.11 134.9
S. betulifolia 12 0.10 0.60 0.32 0.03 0.13 39.5
S. pubescens 20 0.20 0.50 0.31 0.03 0.12 37.6
S. sessei 72 0.10 0.40 0.15 0.01 0.08 526.8
Herbarium loans:
S. regia 150 - 0.60 0.09 0.01 0.11 131.3
S. betulifolia 19 - 0.40 0.24 0.03 0.15 61.7
S. pubescens 22 0.10 0.60 0.30 0.03 0.08 41.1
S. sessei 89 0.10 0.50 0.16 0.01 0.12 51.0
S. libanensis 3 0.20 0.80 0.43 0.19 0.32 74.2
APPENDIX C. Inflorescence stem pubescence density (trlchomef/mn ) for side B.
1 6 0


























































Species n Min. Max. Mean SE of X Std.Oev. cv(n
Field-collected populations:
S. regia 35 5.0 40.0 20.7 2.0 12.1 58.0
S. betulifolia 15 15.0 40.0 26.0 2.6 10.0 38.6
S. pubescens 20 20.0 40.0 36.5 1.7 7.5 20.0
S. sessei 72 40.0 40.0 40.0 - - -
Herbarium loans:
S. regia 151 5.0 40.0 17.5 0.9 11.1 63.6
S. betulifolia 19 5.0 30.0 19.5 2.0 8.5 43.6
S. pubescens 22 25.0 40.0 38.9 0.8 3.8 9.7
S. sessei 89 30.0 40.0 39.8 0.2 1.5 3.8
S. libanensis 3 40.0 40.0 40.0 - - -
APPENDIX C. Inflorescence stem pubescence length (inn) for side B.
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Species n Min. Max. Mean SE of % Std.Oev. cv(: )
Field-collected populations:
S. regia 35 0.10 0.60 0.25 0.03 0.16 63.5
S. betulifolia 15 0.20 0.50 0.37 0.02 0.09 24.5
S. pubescens 20 0.20 2.90 0.45 0.13 0.59 132.3
S. sessei 72 0.10 0.40 0.15 0.01 0.08 52.7
Herbarium loans:
S. reĝ l a 151 0.10 0.70 0.18 0.01 0.13 71.1
S. betulifolia 19 0.10 0.50 0.34 0.03 0.12 34.6
S. pubescens 22 0.20 0.60 0.31 0.03 0.12 38.6
S. sessei 89 0.10 0.50 0.16 0.01 0.09 53.0
S. libanensis 3 0.20 0.80 0.43 0.19 0.32 74.2
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APPENDIX C. Terminal stem condition.
Species Mean
5.- regia 672 5 5 1.0687 5 2 3 1.6696 5 2 3 1.6820 5 5 - 1.0" 838 5 1 4 1.8842 5 5 . 1.0844 5 5 - 1.0
S. betulifolia--- n----- 703 5 4 1 1.2709 5 2 3 1.6
710 5 5 - 1.0
S. pubescens 796 5 4 1 1.2" 797 5 5 - 1.0825 5 3 2 1.4
828 5 4. 1 1.2
S. sessei 750 5 - 5 2.0" 751 5 - 5 2.0
752 5 - 5 2.0766 5 - 5 2.0
767 5 5 - 1.0
768 2 - 2 2.0
769 5 - 5 2.0
775 5 - 5 2.0776 5 5 - 1.0
778 5 1 4 1.8
779 5 2 3 1.6786 5 3 2 1.4
788 5 5 2.0794 5 - 5 2.0
795 5 5 2.0
















































APPENDIX C. Relative size of leaves in inflorescence
Species Pop* n 1 2 3 4 5 Mean
S. reqla 672 5 5 4.0687 5 - - - 5 - 4.0696 5 - - . - 5 5.0820 5 - - - 5 - 4.0838 5 - - - 4 1 4.2842 5 - - 1 - 4 4.6844 5 - - - 5 - 4.0
S. betulifolia 703 5 _ 1 4 3.8
709 5 . _ . 5 . 4.0710 5 - 5 - - - 2.0
S. pubescens 796 5 - - 5 - - 3.0" 797 5 - - 5 - - 2.0" 825 5 5 . - - - 1.0" 828 5 - 5 - - - 2.0
S. sessei 750 5 - 5 _ - - 2.0
751 5 - 5 - - - 2.0" 752 5 1 4 - - - 1.8" 766 5 - 5 - - - 2.0" 767 5 1 4 . - - 1.8768 2 1 1 - - - 1.5" 769 5 - 5 - - - 2.0■* 775 5 2 3 - - - 1.6
776 5 • 5 - - - 2.0“ 778 5 4 1 - - - 1.2
779 5 1 4 - - - 1.8" 786 5 - 5 - - - 2.0
788 5 > 5 - - - 2.0" 794 5 - 5 - - - 2.0
795 5 5 2.0
Species n 1 2 3 4 5 Mean
Field-collected populations;
S. regia 35 - - 1 24 10 4.3
S. betulifoila 15 - 5 I 9 - 3,3
S. pubescens 20 5 10 5 - - 2.0
S. sessei 72 10 62 - - - 1.9
Herbarium loans:
S. regia 149 10 22 12 103 2 3.4
S. betulifolia 19 8 4 2 5 - 2.2
S. D u b e s c e n s 21 8 6 6 1 - 2.0
S. sessei 89 44 41 4 - - 1.6
S. libanensis 3 3 - - - - 1.0
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APPENDIX C. Petiole channelling.
Species Mean
S. reqla 672 5 5 3.0687 5 - - 5 3.0696 5 - - 5 3.0820 5 - _ 5 3.0838 5 _ - 5 3.0842 5 - _ 5 3.0844 5 - - 5 3.0
S. betulifolia 703 5 5 3.0
" 709 5 - - 5 3.0710 5 - - 5 3,0
S. pubescens 796 5 _ 5 3.0
" 797 5 - - 5 3.0
" 825 5 - - 5 3.0
828 5 - - 5 3.0
S. sessei 750 5 5 _ 2.0
II 751 5 _ 5 - 2.0752 5 - 5 - 2.0766 5 . 5 - 2.0767 5 - 5 - 2.0
768 2 - 2 - 2,0
769 5 - 5 - 2.0
775 5 - 5 - 2.0
776 5 - 5 - 2.0
" 778 5 - 5 . 2.0" 779 5 - 5 - 2.0
" 786 5 - 5 - 2.0
788 5 - 5 - 2.0
" 794 5 - 5 - 2.0795 5 5 2.0









































APPENDIX C. Adaxial petiole pubescence density (trichômei*/mm̂ ).
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Species n Min. Max. Mean SE of X Std.Dev. CV(%)
Field-collected populations:
S. régla 35 5.0 40.0 36.1 1.5 8.6 23.8
S. betulifolia 12 40.0 40.0 40.0 - - -
S. pubescens 20 40.0 40.0 40.0 - - -
S, sessei 72 10.0 40.0 39.2 0.6 5.0 12.7
Herbarium loans:
S. regia 151 5.0 40.0 28.4 0.9 10.7 37.4
S. betulifolia 19 10.0 40.0 36.1 2.2 9.5 26.4
S. Dubescens 21 35.0 40.0 39.8 0.2 1.1 2.8
S. sessei 89 20.0 40.0 39.6 0.3 2.6 6.5
5_ libanensis 3 40.0 40.0 40.0 - - -
1 6 6






3P. # Min. Max. Mean SE of % Std.
672 5 5.0 10.n 9.0 1.0 2.687 5 - 5.0 4.0 1.0 2.696 5 5.0 10.0 6.0 1.0 2.82» 5 5.0 15.0 9.0 1.9 4.838 5 5.0 15.0 9.0 1.9 4.842 5 5.0 15.0 9.0 1.9 4.844 5 10.0 15.0 11.0 1.0 2.
703 5 10.0 20.0 14.0 1.9 4.709 5 10.0 25.0 18.0 2.6 5.710 5 15.0 20.0 18.0 1.2 2.
796 5 40.0 40.0 40.0 .797 5 40.0 40.0 40.0825 5 40.0 40.0 40.0828 5 40.0 40.0 40.0 - -









29.9 31. 7 
15.2
58.7
Species n Min. Max. Mean. SE of Ï Std.Oev. CV(?)
Field-collected populations:
S. regia 35 - 15.0 8.1 0.6 3.7 44.9
S. betulifolia IS 10.0 25.0 16.7 1.2 4.5 27.0
S. pubescens 20 40.0 40.0 40.0 - - -
S. sessei 72 10.0 40.0 39.2 0.6 5.0 12.7
Herbarium loans:
S. regia 151 5.0 40.0 10.4 0.6 6.8 65.8
S. betulifolia 19 10.0 40.0 24.5 2.7 11.9 48.6
S. pubescens 21 10.0 40.0 37.6 1.7 7.7 20.4
S. sessei 89 20.0 40.0 39.6 0.3 2.6 6.5
S. libanensis 3 40.0 40.0 40.0 - - -
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APPENDIX C. Abaxfal petiole pubescence length (mm),
Species Min. Max.
S. reg1a 672 5 0.10 0.20 0.12 0.02 0.05 37.3687 5 - 0.50 0.20 0.09 0.19 93.6696 5 0.10 0.30 0.20 0.03 0.07 35.4820 5 0.30 0.40 0.36 0.02 0.06 15.2838 5 0.10 0.20 0.18 0.02 0.05 24.9842 5 0.30 0.50 0.40 0.05 0.10 25.0844 5 0.50 0.70 0.54 0.04 0.09 16.6
S. betulifolia 703 5 0.30 0.60 0.48 0.06 0.13 27.2709 5 0.20 0.50 0.40 0.06 0.12 30.6710 5 0.40 0.70 0.50 0.06 0.12 24.5
S. pubescens 796 5 0.40 0.50 0.42 0.02 0.04 10.6797 5 0.20 0.40 0.28 0.05 0.10 39.1" 825 5 0.30 0.50 0.38 0.04 0.08 22.0828 5 0.40 0.50 0.48 0.02 0.04 9.3
S. sessei 750 5 0.10 0.20 0.16 0.02 0.05 34.3751 5 0.10 0.20 0.18 0.02 0.04 24.8752 5 0.20 0.30 0.24 0.02 0.05 22.8766 5 0.20 0.30 0.26 0.02 0.05 21.1767 5 0.20 0.20 0.20 _ _768 2 0.10 0.30 0.20 0.10 0.14 70.7769 5 0.20 0.40 0.30 0.03 0.07 23.6775 5 0.10 0.30 0.18 0.04 0.08 46.5776 5 0.10 0.30 0.20 0.04 0.10 50.0778 5 0.20 0.30 0.24 0.02 0.05 22.8779 5 0.10 0.40 0.26 0.06 0.13 51.6786 5 0.20 0.30 0.22 0.02 0.04 20.3788 5 0.10 0.20 0.14 0.02 0.05 39.1794 5 0.20 0.30 0.26 0.02 0.05 21.1795 5 0.20 0.40 0.30 0.04 0.10 33.3
Species n Min. Max. Mean SE of X Std.Oev. CV(?)
Field-collected populations:
S. reqla 35 - 0.70 0.29 0.03 0.17 58.3
S. betulifolia 15 0.20 0.70 0.46 0.03 0.12 27.0
S. pubescens 20 0.20 0.50 0.39 0.02 0.10 26.1
S. sessei 72 0.10 0.40 0.22 0.01 0.08 36.4
Herbarium loans:
S. reqla 151 0.10 0.80 0.21 0.01 0.13 62.6
S. betulifolia 19 0.20 0.60 0.40 0.03 0.11 27.7
S. pubescens 21 0.20 0.60 0.39 0.03 0.12 31.3
S. sessei 89 0.10 0.60 0.23 0.01 0.10 43.6
S. libanensis 3 0.20 0.80 0.60 0.20 0.35 57.7
APPENDIX C. Uppermost leaf petiole length (nrn).
1 6 8
Species Poo. # n Min. Max. Mean SE of X Std. Dev. CV(%)
S. regia 672 5 5.50 11.00 8.20 0.88 1.96 23.9687 5 8.50 14.00 11.00 1.01 2.26 20.6696 5 8.00 15.50 11.80 1.57 3.51 29.8820 5 8.50 13.50 11.00 0.89 2.00 18.2838 5 5.00 9.50 7.30 0.75 1.68 23.0842 5 7.50 14.00 9.90 1.13 2.53 22.6844 5 8.00 13.00 9.60 0.91 2.04 21.3
S. betulifolia 703 5 4.00 8.00 6.40 0.80 1.78 27.8709 5 6.50 10.50 8.10 0.66 1.48 18.2710 5 5.50 8.00 7.20 0.46 1.04 14.4
S. pubescens 796 5 4.50 6.80 5.58 0.42 0.95 17.0797 5 10.50 14.50 12.10 0.80 1.78 14.7825 5 3.30 8.00 5.14 0.92 2.05 39.9828 5 5.50 14.50 9.30 1.59 3.56 38.3
S. sessei 750 5 7.70 32.50 21.94 4.69 10.49 47.8751 5 9.00 14.00 11.60 0.86 1.92 16.5752 5 1.50 12.00 6.20 1.85 4.15 66.9766 5 5.00 8.00 6.60 0.66 1.48 22.4767 5 6.50 11.50 10.10 0.94 2.10 20.8768 2 2.50 6.00 4.25 1.75 2.48 58.2769 5 2.00 8.00 3.80 1.20 2.68 70.6775 4 1.50 11.00 7.38 2.13 4.27 57.9776 5 8.00 12.00 10.50 0.76 1.70 16.2778 5 4.50 7.00 5.40 0.56 1.25 23.1779 5 7.50 11.50 9.80 0.80 1.79 18.3786 5 8.50 35.50 16.60 4.90 10.96 66.0788 5 7.00 14.50 9.60 1.28 2.86 29.8794 5 3.50 14.50 9.70 1.81 4.04 41.7795 5 3.50 11.00 7.62 1.68 3.76 49.3
Species n Min. Max. Mean SE of a Std.Oev. CV(-)
Field-collected populations:
S. reqla 35 5.00 15.50 9.83 0.44 2.62 26.7
S. betulifolia 15 4.00 10.50 7.23 0.40 1.53 21.2
S. pubescens 20 3.30 14.50 8.03 0.81 3.60 44.9
S. sessei 71 1.50 35.50 9.65 0.75 6.32 65.4
Herbarium loans:
S. regia 148 1.00 21.00 7.79 0.28 3.46 44.4
S. betulifolia 19 1.60 11.00 5.87 0.63 2.73 46.5
S. Dubescens 21 3.00 12.10 6.40 0.58 2,67 41.7
S. sessei 87 2.00 21.90 6.84 0.35 3.23 47.2
S. libanensis 1 - - 4.00 - - -
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Species
APPENDIX C. Uppermost leaf length shape.
Pop I n 1 2 Mean
5 5 1.05 5 - 1.05 5 1.0
5 5 - 1.0
5 5 - 1.0
5 5 - 1.0
5 5 - 1.0
5 5 1.0
5 5 - 1.0
5 5 - 1.0
5 5 2.0
5 . 5 2.0
5 - 5 2.0
5 - 5 2.0
5 _ 5 2.0
5 - 5 2.0
5 - 5 2.0
5 - 5 2.05 - 5 2.02 - 2 2.05 - 5 2.04 - 4 2.0
5 - 5 2.05 - 5 2.0
5 - 5 2.05 - 5 2.0
5 - 5 2.0




































































APPENDIX C. Uppermost leaf width shape.
Species Pop # n 1 2 3 4 5 Mean
S. reqla 672 5 - 1 4 4.8687 5 - . 5 5.0696 5 - - - 5 5.0820 5 _ - 1 4 4.8838 5 - - . _ 5 5.0842 5 - - 1 4 4.8844 5 - - - 3 2 4.4
S. betulifolia 703 5 4 1 4.2" 709 5 - 1 - 3 1 3.8710 5 - - - 5 - 4.0
S. pubescens 796 5 - 5 - _ - 2.0" 797 5 - 5 - - 2.0
825 5 - 5 - - - 2.0828 5 - 1 4 - - 2.8
S. sessei 750 5 5 2.0751 5 - 5 . _ . 2.0" 752 5 - 5 - - 2.0" 766 5 - 5 - - - 2.0" 767 5 - 5 - - - 2.0" 768 2 - 2 - - - 2.0769 5 5 - - - 2.0" 775 4 - 4 - - - 2.0" 776 5 5 - - - 2.0" 778 5 - 5 - - - 2.0" 779 5 - 5 - - - 2.0
786 5 5 - - - 2.0•* 788 5 • 5 - - - 2.0" 794 5 - 4 I - 2.2795 5 5 2.0







































APPENDIX C. Uppermost leaf curved edge presence.
Species Pop # n 1 2 Mean
672 5 5 1.0687 5 5 - 1.0696 5 5 - 1.0820 5 5 - 1.0838 5 4 1 1.2
842 5 5 . 1.0
844 5 4 1 1.2
703 5 2 3 1.6709 5 1 4 1.8710 5 - 5 2.0
796 5 3 2 1.4797 5 1 4 1.8
825 5 - 5 2.0
828 5 5 - 1.0
750 5 . 5 2.0
751 5 - 5 2.0
752 5 - 5 2.0
766 5 - 5 2.0767 5 - 5 2.0
768 2 - 2 2.0
769 5 - 5 2.0
775 4 - 4 2.0
776 5 - 5 2.0778 5 - 5 2.0
779 5 . 5 2.0
786 5 - 5 2.0
788 5 1 4 1.8794 5 1 4 1.8





















































APPENDIX C. Uppermost leaf apex shape.
Species Pop # n 1 . 2 3 4 Mean
672 5 5 1.0687 5 5 - _ 1.0696 5 5 - - - 1.0820 5 5 - . _ 1.0838 5 5 - . 1.0842 5 5 - . _ 1.0844 5 5 - - - 1.0
703 5 5 _ _ 1.0709 5 5 - - _ 1.0710 5 4 1 - - 1.2
796 5 4 I . 1.2797 5 - - 2 3 3.6825 5 2 - 3 _ 2.2828 5 5 - - - 1.0
750 5 . _ - 5 4,0
751 5 - - - 5 4.0
752 5 - - - 5 4.0766 5 - - - 5 4.0767 5 - - - 5 4.0768 2 - - - 2 2.0
769 5 - - 3 2 3.4775 3 - - 2 2 3.5776 5 - - - 5 4.0
778 5 - - 1 4 3.8
779 5 - 2 3 3.6786 5 - - - 5 4.0
788 5 . . . 5 4.0
794 5 - - - 5 4.0
















































APPENDIX C. Uppermost leaf base shape.
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Species Pop § n . 1 2 3 4 5 6 Mean
672 5 5 1.0687 5 4 - - - 1 _ 1.8696 5 - - - 4 1 - 1.8820 5 5 . - . - 1.0838 5 5 - - _ _ 1.0842 5 5 - . . . - 1.0844 5 4 - - - 1 - 1.8
703 5 3 _ _ 2 2.6709 5 3 - - - 2 . 2.6710 5 4 1 - - - - 1.2
796 5 _ 2 _ 2 1 4.6797 5 - - 5 - - . 3.0825 5 - - . _ 5 . 5.0
828 5 - - - - 5 - 5.0
750 5 _ _ . 5 5.0
751 5 - - - 5 . 5.0752 5 - - - - 5 - 5.0
766 5 _ - . . 5 - 5.0
767 5 - - • - 5 - 5.0
768 2 - . _ 1 - 1 _ 4.0
769 5 _ - . 3 2 5.4
775 4 . - - - 4 5.0










































APPENDIX C. Uppermost leaf margin.
Species Mean
S. reqla 672 5 . 5 - 3.0687 5 - - 2 3 - 3.6696 5 - - 5 - . 3.0820 5 - 5 _ - - 2.0838 5 5 _ - - 2.0842 5 - 1 4 - . 2.8844 5 - - 5 - - 3.0
S. betulifolia 703 5 5 3.0709 5 _ 5 _ 2.0710 5 - 2 3 - - 2.6
S. pubescens 796 5 _ _ 5 _ 4.0797 5 - - 3 2 3.4" 825 5 _ _ . 5 . 4.0'* 828 5 - - - 5 - 4.0
S. sessei 750 5 _ 2 3 2.6751 5 3 - - _ 2 2.6752 5 - - - 2 3 4.6" 766 5 1 3 1 . - 2.0767 5 - 5 - . 2.0" 768 2 1 - 1 . 2.5" 769 5 5 _ _ - _ 1.0" 775 4 4 - - . . 1.0
776 5 _ _ 5 - 3.0778 5 - 2 3 . - 2.6* 779 5 3 1 . 1 2.0* 786 5 2 I - . 2 2.8*• 788 5 . 1 3 1 - 3.0794 5 . 4 1 . - 2.2795 5 5 2.0


















































appendix c . Uppermost leaf length (ram).
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Species Min. Max.
S. regia 672 5 12.00 29.50 21.00 2.96 6.62 31.5687 5 16.50 22.50 19.50 1.06 2.37 12.2696 5 11.50 26.00 20.00 2.48 5.55 27.7820 5 26.00 33.00 30.00 1.26 2.81 9.4838 5 14.00 18.00 16.50 0.71 1 58 9.6842 5 23.00 30.00 27.40 1.30 2.90 10.6844 5 19.50 31.50 25.70 2.04 4.56 17.8
S. betulifolia 703 5 20.00 30.00 23.90 1.71 3.83 16.0709 5 28.00 50.00 35.40 3.89 8.71 24.6710 5 26.00 31.50 28.72 1.10 2.46 8.6
S. pubescens 796 5 21.00 25.00 23.10 0.75 1.67 7.2797 5 27.50 42.50 33.60 2.92 6.52 19.4" 825 5 16.50 32.00 20.60 2.97 6.65 32.3828 5 28.00 46.00 39.20 3.58 8.00 2CT.4
S. sessei 750 5 30.00 59.50 46.90 4.90 10.95 23.3751 5 38.00 63.00 52.20 4.60 10.29 19.7752 5 20.50 55.00 34.70 5.66 12.66 36.5766 5 21.50 40.00 29.40 3.62 8.09 27.5" 767 5 32.50 56.50 47.10 4.52 10.11 21.5768 2 13.50 31.50 22.50 9 00 12.73 56.6769 5 18.50 56.50 30.10 6.78 15.14 50.3775 4 12.50 49.00 36.38 8.15 16.30 44.8776 5 41.50 64.00 51.00 4.43 9.90 19.4778 5 21.50 36.00 25.70 2.69 6.02 23.4779 5 31.00 53.50 44.50 4.67 10.43 23.5786 5 28.00 81.00 48.60 8.87 19.84 40.8788 5 27.00 50.00 38.70 4.28 9.58 24.7794 5 20.50 51.00 38.40 5.82 13.01 33.9795 5 26.00 53.50 33.60 5.09 11.38 33.9
Species n Min. Max. Mean SE of % Std.Oev. CV(Ï)
Field-collected populations:
S. reqla 35 11.50 33.00 22.87 1.00 5.93 25.9
S. betulifolia IS 20.00 50.00 29.34 1.85 7.17 24.4
S. pubescens 20 16.50 46.00 29.13 2.16 9.64 33.1
S. sessei 71 12.50 81.00 29.37 1.65 13.94 35.4
Herbarium loans:
S. regia 148 3.10 52.00 18.65 0.63 7.65 41.0
S. betulifolia 19 9.00 36.00 24.84 1.56 6.79 27.3
S. pubescens 21 15.00 40.00 25.14 1.65 7.58 30.2
S. sessei 87 8.00 52.00 31.44 1.15 10.68 34.0
S. libanensis 2 46.00 61.00 53.50 7.50 10.60 19.8
176
APPENDIX C. Uppermost leaf width (nn).
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Species n Hi n. Max. Mean SE of X Std.Oev. CV(Ï)
Field-collected populations:
S. regia 35 12.00 31.00 21.37 0.84 4.95 23.1
S. betulifolia 15 11.50 36.00 17.57 1.57 6.09 34.5
S. pubescens 20 8.50 28.50 17.10 1.39 6.22 36.3
S. sessei 71 1.10 46.50 15.62 0.90 7.60 48.6
Herbarium loans:
S. regia 148 1.20 50.00 16.91 0.66 8.04 47.6
S. betulifolia 19 4.00 32.00 15.20 1.35 5.88 38.7
S. pubescens 21 7.00 22.50 13.03 1.12 5.14 39.4
S. sessei 87 3.00 22.00 11.10 0.49 4.53 40.9
S. libanensis 2 19.00 27.00 23.00 4.00 5.66 24.6
APPENDIX C. Uppermost leaf lengthrwidth ratio.
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Species Min. Max.
S. regia 672 5 1.000 1.300 1.166 0.049 0.110 9.4687 5 0.940 1.070 1.002 0.023 0.051 5.1696 5 0.640 1.190 0.990 0.093 0.209 21.1820 5 0.950 1.120 1.040 0.032 0.072 6.9838 5 0.680 1.070 0.894 0.063 0.140 15.7*' 842 5 1.050 1.620 1.234 0.102 0.229 18.6844 5 1.000 1.300 1.118 0.050 0.111 10.0
S. betulifolia 703 5 1.240 2.330 1.768 0.188 0.421 23.8709 5 1.390 1.740 1.558 0.062 0.140 9.0710 5 1.680 2.170 1.848 0.087 0.194 10.5
S. pubescens 796 5 1.530 1.910 1.700 0.065 0.146 8.6797 5 1.310 1.930 1.650 0.117 0.261 15.8" 825 5 1.270 2.000 1.600 0.139 0.311 19.4828 5 1.400 3.460 1.896 0.393 0.879 46.4
S. sessei 750 5 2.250 3.000 2.622 0.160 0.361 13.8751 5 2.370 3.230 2.770 0.140 0.313 11.3752 5 2.150 3.420 2.702 0.200 0.457 16.9766 5 2.870 3.500 3.224 0.110 0.250 7.8767 5 1.830 3.230 2.644 0.240 0.542 20.5768 2 2.250 4.500 3.375 1.130 1.591 47.1769 5 3.130 3.700 3.380 0.110 0.245 7.2775 4 2.280 2.720 2.550 0.100 0.206 8.1776 5 1.770 2.460 2.088 0.110 0.251 12.0778 5 2.040 2.890 2.436 0.140 0.311 12.8779 5 2.580 4.730 3.336 0.370 0.835 25.0786 5 1.740 3.000 2.442 0.220 0.489 20.0788 5 2.270 2.840 2.602 0.100 0.222 8.5794 5 1.740 2.410 1.962 0.130 0.283 14.4795 5 1.940 3.470 2.294 0.300 0.660 28.8
Species n Min. Max. Mean SE of X Std.Dev. CV(1)
F i e l d - c o l l e c t e d  p o p u l a t i o n s :
S. r e g i a 35 0.640 1.620 1.063 0.029 0.171 16.1
S. b e t u l i f o l i a 15 1.240 2.330 1.725 0.074 0.288 16.7
S. p u b e s c e n s 20 1.270 3.460 1.712 0.104 0.464 27.1
S. s e s s e i 71 1.740 4.730 2.669 0.072 0.604 22.7
H e r b a r i u m  l o a n s :
S. r e q l a 148 0.200 2.580 1.183 0.027 0.328 27.7
S. b e t u l i f o l i a 19 1.130 2.250 1.712 0.061 0.265 15.5
S. D u b e s c e n s 21 0.250 2.730 1.827 0.146 0.668 36.5
S. s e s s e i 87 1.290 4.890 2.990 0.076 0.711 23.8
S. l i b a n e n s i s 2 2.260 2.420 2.340 0.080 0.113 4.8
appendix c. Median caulfne leaf petiole length (mm).
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Species n Min. Max. Mean SE of X Std.Oev. CVC)
Fie1d>co1lected populations:
S. regia 35 6.50 16.50 9.61 0.35 2.05 21.3
S. betulifolia 15 4.50 14.50 9.00 0.89 3.44 38.2
S. pubescens 20 5.50 26.00 15.25 1.39 6.22 40.8
S. sessei 72 11.00 40.00 23.17 0.84 7.12 30.7
Herbarium loans:
S. regia 150 2.00 22.00 10.17 0.28 3.37 33.1
S. betulifolia 19 7.30 20.00 11.47 0.71 3.08 26.6
S. pubescens 21 7.00 42.00 16.11 1.80 8.26 51.2
S. sessei 87 7.00 33.60 19.35 0.60 5.56 28.7








reqla 672 5 5 1.0687 5 5 . 1.0“ 696 5 5 - 1.0" 320 5 5 - 1.0" 838 5 5 _ 1.0" 842 5 5 - 1.0844 5 5 - 1.0
betulifolia 703 5 5 1.0I 709 S 5 1.0" 710 5 5 - 1.0
pubescens 796 5 _ 5 2.0797 5 5 2.0" 825 5 - 5 2.0828 5 - 5 2.0
sessei 750 5 5 2.0■ ■ 751 5 - 5 2.0'* 752 5 - 5 2.0766 5 . 5 2.0767 5 • 5 2.0
768 2 - 2 2.0
769 5 . 5 2.0
775 5 - 5 2.0" 776 5 - 5 2.0" 778 5 - 5 2.0" 779 5 • 5 2.0" 786 5 . 5 2.0








































APPENDIX C. Median cauHne leaf width shape.
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Species »op # n 1 2 3 4 5 Mean
672 5 1 5 4.8667 5 - - _ . 5 5.0
696 5 - - . . 5 5.0820 5 - - . 1 4 4.8838 5 _ - . • 5 5.0842 5 - - 1 4 4.8844 5 - - - 3 2 4.4
703 5 - _ 5 4.0709 5 . - - 3 2 4.4710 5 - - - 5 - 4.0
796 5 . 5 _ . 2.0
797 5 5 . - . 2.0825 5 - 4 1 - . 2.2828 5 - 5 - - - 3.0
750 5 _ 3 2 . 2.4
751 5 _ 5 . - - 2.0
752 5 - 1 4 - - 2.3
766 5 - 5 . - - 2.0767 5 - 5 - . - 2.0
768 2 - 1 1 - - 2.5
769 5 - 4 I - - 2.2
775 5 - 5 . - - 2.0776 5 - 5 - . - 2.0
778 5 - 5 - - - 2.0
779 5 _ 5 . • 2.0786 5 - 5 - - - 2.0788 5 - 5 . . 2.0794 5 - 2 2 1 2.8





Soecies n 1 2 3 4 5 Mean
Field-collected populations:
S. regia 35 - - - 6 29 4.8
S. betulifolia 15 - - - 13 2 4.1
S. Dubescens 20 - 14 6 - - 2.3
S. sessei 72 - 55 15 2 - 2.3
Herbarium loans:
S. reqla ISO - - - 75 75 4.5
S. betulifolia 19 1 - - 17 1 3.9
S. pubescens 21 - 16 3 1 1 2.4
S.- sessei 87 - 61 26 - - 2.3
S. libanensis 3 - - 3 - - 3.0
Ibl
APPENDIX C. Median caullne leaf curved edge presence.
Species Pop # n 1 2 Mean
reqla 672 5 5 1.0" 687 5 5 - l.O696 5 3 2 1.4820 5 5 _ 1.0
838 5 5 _ 1.0" 842 5 5 - 1.0844 5 4 1 1.2
S. betulifolia 703 5 2 3 1.6" 709 5 1 4 1.8
710 5 - 5 2.0
S. pubescens 796 5 3 2 1.4" 797 5 5 - 1.0" 825 5 4 I 1.2“ 828 5 5 - 1.0
S. sessei 750 5 1 4 1.8—B--- 751 5 3 2 1.4" 752 5 5 - 1.0*' 766 5 1 4 1.8" 767 5 1 4 1.8
768 2 1 1 1.5'* 769 5 2 3 1.6
775 5 3 2 1.4" 776 5 - 5 2.0•* 778 5 3 2 1.4“ 779 5 4 1 1.2786 5 2 3 1.6" 788 5 3 2 1.4" 794 5 3 2 1.4
795 5 3 2 1,4














































APPENDIX C. Median cauline leaf apex shape.
îcies Pod * n 1 2 3 4 Mean
regia 672 5 5 _ _ 1.0687 5 5 - - - 1.0696 5 5 - . . 1.0820 5 5 - - - 1.0838 5 5 - - - 1.0842 5 5 - - - 1.0844 5 5 - - - 1.0
betulifolia 703 5 5 1.01» 709 5 5 - . 1.0" 710 5 - 3 2 - 2.4
pubescens 796 5 4 . 1 1.6797 5 - - 2 3 3.6825 5 2 - - 3 2.8828 5 5 - - - 1.0
sessei 750 5 - _ _ 5 4.0751 5 - - - 5 4.0752 5 . - _ 5 4.0766 5 - - 5 4.0767 5 - - - 5 4.0768 2 - - - 2 4.0
769 5 - - - 5 4.0775 5 - - - 5 4.0776 5 - - - 5 4.0778 5 - - - 5 4.0
779 5 - - - 5 4.0786 5 - - - 5 4.0788 5 - - - 5 4.0794 5 - - - 5 4.0












































APPENDIX C. Median cauline leaf base shape.
Species Pop # n 1 2 3 4 5 6 Mean
672 5 S 1.0687 5 5 . - - . - 1.0
696 5 5 - - - - . 1.0820 5 5 - . - . 1.0838 5 5 - - _ - . 1.0842 5 5 - . - - - 1.0844 5 5 - - - - - 1.0
703 5 4 1 _ 1.2
709 5 5 - . - . - 1.0
710 5 5 - - - - - 1.0
796 5 _ - 1 1 2 1 4.6797 5 - - 3 - 2 - 3.4
825 5 - - - - 5 - 5.0
828 5 - - - - 5 - 5.0
750 5 _ _ _ 5 _ 5.0
751 5 - _ - - 5 - 5.0
752 5 - - - 5 - 5.0
766 5 - - 2 - 3 - 4.2767 5 - - - - 5 - 5.0
768 2 - - 1 - 1 - 5.0
769 5 - - - . 4 1 5.2
775 5 - - - - 5 - 5.0
776 5 . . - - 5 - 5.0
778 5 - 5 - - - 3.0
779 5 . - - - 5 • 5.0786 5 . - - - 5 - 5.0










































APPENDIX C. Median cauline leaf margin.
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Species *0P # n 1 2 3 4 5 Mean
672 5 5 3.0687 5 _ 2 3 3.6696 5 - - 5 _ 3.0820 5 - 5 - 2.0
838 5 - 5 . 2.0842 5 - - 4 1 3.2844 5 - - 4 1 3.0
703 5 . - 5 . 3.0
709 5 - 3 2 . 2.4
710 5 - 1 4 - 2.8
796 5 - - 5 4.0
797 5 - - 5 4.0
825 5 - - 5 4.0
828 5 - - - 5 4.0
750 5 . - 5 . 3.0
751 5 - - - 5 5.0752 5 1 - - 3 1 3.6
766 5 - - 1 1 3 4.4767 5 - - 2 - 3 4.2
768 2 - - - 2 - 4.0
769 5 - * - - 5 5.0
775 5 - - 5 - 4.0
776 5 . - 5 . 3.0
778 5 - 2 2 - 1 3.0
779 5 - - - 5 5.0786 5 1 > - 4 4.2
788 5 - - 2 3 3.6794 5 > 3 1 1 - 2.6





Species n I 3 3 4 5 Mean
Field-collected populations:
S.. reqla 35 - 10 20 5 - 2.9
S. betulifolia 15 - 4 11 - - 2.7
S. pubescens 20 - - - 20 - 4.0
S. sessei 72 2 9 19 15 27 3.8
Herbarium loans:
S. reqla ISO 2 48 35 65 - 3.1
S. betulifolia 19 - 8 6 4 - 2.8
S. pubescens 21 - 3 3 15 - 3.6
S. sessei 87 - 2 4 10 71 4.7
S. libanensis 3 - - - 3 - 4.0
APPENDIX C. Median cauline leaf length {iim).
185
Species Pop. # Min. Max. Mean SE of X
S. regia 672 5 24.50 31.00 27.90 1.33 2.97 10.6687 5 27.00 32.00 29.82 0.87 1.94 6.5" 696 5 28.50 31.00 29.90 0.51 1.14 3.8*' 820 5 38.00 46.00 41.50 1.48 3.30 8.0838 5 16.00 25.50 19.60 1.74 3.88 19.8" 842 5 27.50 40.50 35.50 2.32 5.18 14.6844 5 13.00 29.50 24.70 2.97 6.64 26.9
S. betulifolia 703 5 29.50 49.00 41.10 3.48 7.78 18.9709 5 32.50 61.00 41.70 5.02 11.22 26.9" 710 5 22.50 29.50 27.10 1.21 2.70 10.0
S. pubescens 796 5 29.50 43.00 36.50 2.59 5.79 15.9" 797 5 40.50 60.00 52.50 3.49 7.80 14.9825 5 58.00 80.00 66.10 3.79 8.47 12.8828 5 60.00 72.50 65.90 2.04 4.56 6.9
S. sessei 750 5 90.00 135.00 114.20 9.84 21.99 19.3751 5 11.00 132.50 95.20 21.66 48.44 50.9752 5 75.50 110.50 89.50 5.83 13.02 14.6766 5 71.00 99.00 81.80 5.16 11.55 14.1767 5 72.00 112.00 87.50 7.55 16.89 19.3768 2 60.00 84.50 72.25 12.25 17.32 24.0769 5 87.00 108.00 98.10 3.55 7.94 8.1775 5 96.00 120.50 111.70 4.42 9.89 8.9" 776 5 69.00 91.00 81.50 4.23 9.46 11.6778 5 74.50 87.50 80.40 2.41 5.39 6.7779 5 68.50 122.00 99.90 9.06 20.26 20.3786 5 47.50 104.50 75.80 11.62 25.98 34.3788 5 96.00 113.00 106.20 2.88 6.43 6.1" 794 5 64.50 100.00 80.30 5.92 13.24 16.5795 •5 68.00 93.00 75.90 4.77 10.66 14.0
Species n Min. Max. Mean SE of % Std.Oev. CV(S)
Field-collected populations;
S. r e g i a 35 13.00 46.00 29.85 1.28 7.59 25.4
S. b e t u l i f o l i a 15 22.50 61.00 36.63 2.64 10.21 27.9
S. p u b e s c e n s 20 29.50 80.00 55.25 3.12 13.95 25.3
S. s e s s e i 72 11.00 135.00 90.76 2.52 21.41 23.6
H e r b a r i u m  l o a n s :
S, r e q l a 150 12.00 81.00 27.80 0.67 8.14 29.3
S. b e t u l i f o l i a 19 26.00 70.00 39.52 2.28 9.94 25.1
S. D u b e s c e n s 21 19.60 95.00 53.70 3.46 15.86 29.5
S. s e s s e i 87 41.00 123.00 83.97 1.92 17.91 21.3
S. l i b a n e n s i s 3 80.00 147.00 111.67 19.43 33.65 30.1
APPENDIX C. Median cauline leaf width (mn).
1 8 6
Species Min. Max.
672 5 20.50 28.50 24.60 1.28 2.86 11.6687 5 21.50 38.00 26.40 2.97 6.65 25.2" 696 5 20.00 30.00 24.90 1.66 3.72 14.9“ 820 5 21.00 30.00 26.90 1.57 3.51 13.0838 5 15.00 29.50 20.70 2.43 5.44 26.3" 842 5 20.50 32.00 27.80 2.02 4.51 16.2844 5 20.00 24.50 22.80 0.89 1.99 8.7
s. betulifolia 703 5 25.00 36.50 29.40 2.08 4.64 15.8709 5 18.50 45.00 29.90 4.60 10.29 34.4710 5 19.00 22.50 20.60 0.62 1.39 6.7
S. pubescens 796 5 16.00 27.00 20.50 1.88 4.21 20.6!' 797 5 23.00 35.50 27.80 2.07 4.62 16.6825 5 27.00 43.00 36.60 2.86 6.40 17.5828 5 40.50 50.50 44.80 1.79 3.99 8.9
S. sessei 750 5 40.00 61.00 50.60 3.64 8.14 16.1751 5 50.00 59.50 54.90 1.74 3.90 7.1752 5 41.00 65.50 53.50 3.92 8.75 16.4766 5 28.50 46.50 39.00 3.03 6.77 17.4767 5 29.00 62.00 37.00 6.40 14.30 38.7768 2 41.00 47.00 44.00 3.00 4.24 9.6769 5 41.50 57.50 50.80 2.88 6.45 12.7775 5 39.00 62.00 52.50 4.01 8.96 17.1776 5 36.00 45.50 40.90 2.09 4.67 11.4778 5 40.00 50.00 46.60 1.99 4.45 9.6779 5 27.50 66.00 52.50 6.94 15.53 29.6786 5 15.50 51.10 36.82 5.95 13.30 36.1788 5 51.00 71.00 62.30 3.23 7.23 11.6794 5 43.00 70.00 55.40 4.91 10.97 19.8795 5 36.00 63.00 46.10 4.67 10.44 22.7
Species n Min. Max. Mean SE of X Std.Oev. c v t ï i
Field-collected populations:
S. regia 35 15.00 38.00 24.87 0.77 4.58 18.4
S. betulifolia 15 18.50 45.00 26.63 1.94 7.52 28.2
S. pubescens 20 16.00 50.50 32.43 2.33 10.40 32.1
S. sessei 72 15.50 71.00 48.37 1.33 11.26 23.3
Herbarium loans:
S. regia 150 9.00 45.00 25.53 0.54 6.64 26.0
S. betulifolia 19 20.00 51.00 28.31 1.79 7.82 27.6
S. pubescens 21 20.50 56.00 32.40 2.07 9.50 29.3
S. sessei 87 16.00 78.00 39.90 1.24 11.53 28.9
S. libanensis 3 66.00 104.00 86.00 11.02 19.08 22.2
lo7
APPENDIX C. Median cauline leaf length:width ratio.
Species Poo. # n Min. Max. Mean SE of f Std. Dev. cvcD
S. reqla 672 5 0.400 1.250 1.010 0.158 0.354 35.1687 5 0.800 1.350 1.168 0.106 0.237 20.3" 696 5 0.950 1.450 1.224 0.085 0.191 IS.6820 5 1.400 1.810 1.556 0.070 0.156 64.3" 838 5 0.840 1.070 0.960 0.039 0.086 10.0842 5 1.220 1.340 1.282 0.026 0.058 4.5844 5 0.610 1.330 1.082 0.123 0.276 25.5
S. betulifolia 703 5 1.180 1.530 1.394 0.062 0.149 10.0" 709 5 1.360 1.760 1.496 0.070 0.156 10.4710 5 1.180 1.460 1.314 0.044 0.099 7.5
S. pubescens 796 5 1.560 1.960 1.798 0.066 0.147 8.2797 2 1.690 2.150 1.898 0.089 0.198 10.4825 5 1.540 2.150 1.830 0.100 0-223 12.2828 5 1.320 1.630 1.480 0.062 0.139 9.4
S. sessei 750 5 1.920 2.700 2.248 0.128 0.287 12.8751 5 1.890 2.230 2.072 0.057 0.128 6.2752 5 1.560 1.890 1.694 0.055 0.123 7.3766 5 1.830 2.490 2.120 0.118 0.264 12.5767 5 1.810 2.720 2.468 0.170 0.379 15.4768 2 1.460 1.800 1.630 0.170 0.240 14.8769 5 1.820 2.100 1.930 0.054 0.120 6.2775 5 1.770 2.460 2.164 0.120 0.267 12.4776 5 1.820 2.170 1.980 0.061 0.136 6.9" 778 5 1.650 1.860 1.732 0.037 0.083 4.8779 5 1.720 2.490 1.972 0.134 0.300 15.2786 5 1.290 3.000 2.184 0.282 0.631 28.9788 5 1.590 1.880 1.716 0.047 0.105 6.1794 5 1.360 1.650 1.462 0.053 0.119 8.1795 5 1.460 2.180 1.672 0.131 0.294 17.6
Species n Min. Max. Mean SE of X Std.Oev. CV(%)
Field-collected populations:
s. regia 35 0.400 1.810 1.183 0.046 0.272 23.0
S. betulifolia 15 1.180 1.760 1.401 0.038 0.146 10.4
S. pubescens 20 1.320 2.150 1.752 0.052 0.234 13.3







150 0.480 1.740 1.089 0.016 0.197 18.1
19 1.090 2.500 1.496 0.231 0.346 23.1
21 0.960 2.180 1.675 0.171 0.287 17.1
87 1.410 3.350 2.187 0.169 0.369 16.9
3 1.040 1.670 1.307 0.249 0.326 24.9
APPENDIX C. Upper leaf surface pubescence density (trichomef/nm ).



























































































































Species n Min. Max. Mean SE of Jt Std.Dev. CV(%)
Field-collected populations:
S. regia 35 5.0 35.0 16.0 1.4 8.5 53.0
S. betulifolia 15 5.0 20.0 10.3 1.2 4.8 46.5
S. pubescens 20 5.0 40.0 36.5 2.1 9.2 25.2
S. sessei 72 5.0 30.0 14.0 0.9 7.3 51.7
Herbarium loans:
S. regia 150 5.0 40.0 14.3 0.7 9.1 63.6
S. betulifolia 19 5.0 30.0 14.2 1.4 6.1 42.7
S. Dubescens 21 5.0 40.0 26.4 2.8 13.0 49.0
S. sessei 89 5.0 40.0 16.0 1.1 10.2 63.5
S. libanensis 2 40.0 40.0 40.0 - - -
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APPENDIX C. Upper leaf surface pubescence length (nm).
Species Pop. # n Min. Max. Mean SE of X Std. Dev. CV(Ï)
S. regia 672 5 0.10 0.10 0.10687 5 0.10 0.30 0.14 0.04 0.09 63.9696 5 0.10 0.20 0.12 0.02 0.04 37.3820 5 0.20 0.50 0.34 0.05 0.11 33.5" 838 5 0.10 0.30 0.16 0.04 0.09 55.9842 5 0.20 0.30 0.28 0.02 0.05 16.0844 5 0.20 0.30 0.22 0.02 0.05 20.3
S. betulifolia 703 5 0.10 0.20 0.14 0.03 0.06 39.1709 5 0.20 0.40 0.26 0.04 0.09 34.4" 710 5 0.10 0.30 0.24 0.04 0.09 37.3
S. pubescens 796 5 0.20 0.20 0.20797 5 0.20 0.40 0.26 0.04 0.09 34.4825 5 0.10 0.50 0.26 0.07 0.15 58.4828 5 0.20 0.40 0.30 0.03 0.07 23.6
S. sessei 750 5 0.30 0.70 0.50 0.06 0.14 28.3751 2 0.20 0.40 0.34 0.04 0.09 26.3752 5 0.20 0.30 0.26 0.03 0.05 21.1766 0.20 0.20 0.20 _ . .767 5 0.30 0.40 0.32 0.02 0.05 14.0768 5 0.10 0.30 0.20 0.10 0.14 70.7769 5 0.40 0.50 0.42 0.02 0.05 10.6775 5 0.20 0.40 0.28 0.05 0.11 39.1776 5 0.20 0.30 0.24 0.03 0.06 22.8778 5 0.10 0.20 0.16 0.03 0.06 34.3779 5 0.10 0.30 0.18 0.04 0.08 46.5786 5 0.10 0.30 0.16 0.04 0.09 55.9788 5 0.10 0.30 0.20 0.03 0.07 35.4794 5 0.20 0.50 0.32 0.05 0.11 34.2795 5 0.10 0.40 0.22 0.05 0.11 49.8
Species n Min_ Max. Mean SE of X Std.Dev. a{ %)
Field-collected populations:
S. real a 35 0.10 0.50 0.19 0.02 0.11 54.4
S. betulifolia 15 0.10 0.40 0.21 0.02 0.09 42.9
S. pubescens 20 0.10 0.50 0.26 0.02 0.10 37.1
S. sessei 72 0.10 0.70 0.27 0.02 0.12 33.3
Herbarium loans:
S. regia ISO 0.10 0.60 0.16 0.01 0.01 60.4
S. betulifolia 19 0.10 0.50 0.24 0.03 0.12 51.1
S. pubescens 21 0.10 0.30 0.23 0.02 0.07 31.3
S. sessei 89 0.10 0.50 0.23 0.01 0.09 39.0
S. libanensis 2 0.30 0.50 0.40 0.10 0.14 35.4




































































































































Species n Min. Max. Mean SE Of X Std.Dev. CV(Ï)
Field-conected populations:
S. regia 35 - 20.0 7.4 0.9 5.2 70.0
S. betulifolia 15 5.0 25.0 17.3 1.8 7.0 40.6
S, pubescens 20 40.0 40.0 40.0 - - -
S. sessei 72 5.0 40.0 13.0 1.2 10.5 80.6
Herbarium loans:
S. regia 151 5.0 40.0 11.0 0.6 7.5 68.6
S. betulifolia 19 10.0 40.0 26.3 1.9 8.5 32.2
S. pubescens 21 10.0 40.0 33.3 2.2 10.2 30.5
S. sessei 88 5.0 40.0 22.3 1.3 12.6 56.2
S. libanensis 2 40.0 40.0 40.0 - - •
APPENDIX C. Lower leaf surface pubescence length (mm)
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Species n Min. Max. Mean SE of % Std.Dev. _CV(5)_
Field-cpHected populations:
S. regia 35 - 0.50 0.19 0.02 0.13 69.9
S. betulifolia 15 0.20 0.50 0.36 0.02 0.09 25.3
S. pubescens 20 0.30 0.70 0.47 0.02 0.09 20.1
S. sessei 72 0.10 0.50 0.28 0.01 0.11 37.4
Herbarium loans;
S. regia 151 0.10 0.80 0.18 0.01 0.11 61.8
S. betulifolia 19 0.20 0.50 0.34 0.02 0.10 28.1
S. pubescens 21 0.10 0.50 0.37 0.02 0.10 24.9
S. sessei 88 0.10 0.50 0.27 0.01 0.09 38.3
S. libanensis 2 0.30 0.50 0.40 0.10 0.14 0.35
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Species
APPENDIX C. Flowering axis shape, 
________ Pop #_____ n______ 1 Mean
regia 672 5 5 - 1.0687 5 - 5 2.0696 5 - 5 2.0620 5 5 . 1.0838 5 5 _ 1.0" 842 5 2 3 1.6844 5 5 - - 1.0
betulifolla 703 5 5 2.0" 709 5 1 _ 4 2.6710 5 3 2 - 1.4
pubescens 796 5 _ 5 2.0" 797 5 5 2.0825 5 - «. 5 3.0828 5 - - 5 3.0
sessei 750 5 5 3.0751 5 - 5 3.0752 5 - - 5 3.0" 766 5 _ - 5 3.0767 5 - - 5 3.0" 768 2 2 3.0" 769 5 - 5 3.0775 5 . . 5 3.0776 5 - 5 3.0" 778 5 - - 5 3.0779 5 - - 5 3.0786 5 - - 5 3.0788 5 _ . 5 3.0" 794 5 - 5 3.0" 795 5 - - 5 3.0
Species n 1 2 3 4 Mean
Field-collected populations:
S. regia 35 22 13 - - 1.4
S. betulifolia 15 4 7 4 - 2.0
S. pubescens 20 - 10 10 - 2.5
S. sessei 72 - - 72 0 3.0
Herbarium loans:
i* regia 145 140 5 - - 1.0
S. betulifolia 19 6 10 3 - 1.8
S. Dubescens 22 1 19 2 - 2.1
S. sessei 89 - 2 87 - 3.0
S. libanensis 3 - - - 3 4.0
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APPENDIX C. Length of flower-bearing portion (cm).
Species Pop. » n Min. Max. Mean SE of 3t Std. Dev. C V Q
S. regia 672 5 0.750 8.500 4.690 1.533 3.427 73.1
687 5 0.650 4.300 2.630 0.740 1.654 62.9
696 5 1.700 11.500 6.000 1.857 4.153 69.2
820 5 1.000 6.700 4.020 1.009 2.255 56.1838 5 0.500 2.400 1.520 0.322 0.719 47.3
842 5 0.010 3.500 1.682 0.605 1.352 80.4
844 5 1.000 6.700 4.500 1.021 2.284 50.8
S. betulifolia 703 5 1.600 6.900 4.120 0.884 1.977 48.0
709 5 4.500 9.200 6.960 0.750 1.677 24.1
710 5 2.900 7.500 5.100 1.011 2.262 44.4
1 pubescens 796 5 1.200 1.500 1.380 0.058 0.130 9.5
797 5 1.900 6.300 3.340 0.795 1.779 53.3825 5 2.100 7.200 4.540 0.821 1.835 40.4828 5 6.500 11.600 8.660 0.916 2.048 23.7
S. sessei 750 5 5.500 10.100 7.340 0.841 1.880 25.6
751 5 5.500 9.900 7.580 0.875 1.956 25.8752 5 2.600 7.100 5.100 0.777 1.736 34.1
766 5 4.300 10.200 6.500 1.064 2.380 36.6
767 5 2.800 9.300 5.240 1.105 2.463 47.0
768 2 6.000 9.200 7.600 1.600 2.263 29.8
769 5 2.000 5.500 3.820 0.730 1.633 42.8
775 5 0.600 10.500 4.650 1.851 4.139 89.0
776 5 4.300 7.900 6.040 0.603 1.348 22.3778 5 2.900 6.800 4.500 0.657 1.468 32.6
779 5 3.300 16.700 9.100 2.277 5.091 55.9786 5 3.500 7.100 5.220 0.726 1.622 31.1
788 5 4.900 12.500 8.280 1.224 2.737 33.1794 5 2.300 19.200 10.340 2.706 6.052 58.5
795 5 2.700 7.200 4.200 0.793 1.772 42.2
Species n Min. Max. Mean SE of 3c Std.Dev. _ CV(%)
Field-collected populations:
S. regia 35 0.010 11.500 3.577 0.469 2.775 77.6
S. betulifolia 15 1.600 9.200 5.393 0.570 2.206 40.9
S. Dubescens 20 1.200 11.600 4.480 0.700 3.120 69.6
S. sessei 72 0.600 19.200 6.316 0.383 3.252 51.5
Herbariun loans:
S. regia 146 0.120 7.100 1.688 0.114 1.378 81.6
S. betulifolia 19 2.200 10.500 4.657 0.482 2.099 45.1
S. pubescens 22 0.700 8.660 3.716 0.450 2.112 56.3
S. sessei 87 0.300 12.700 4.340 0.245 2.282 52.6
S. libanensis 3 14.700 24.200 19.033 2.774 4.805 25.2
APPENDIX C. Number of flower nodes.
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Soecies n 1 2 3 4 5 6 7 8 9 10 11 12 16 20 Mean
Field-collected populations:
regia 35 5 1 5 9 6 3 4 - - 2 - - - - 4.4
S. betulifolia IS - - 1 - 1 2 2 4 2 1 1 - - 1 8.3
S. Dubescens 20 - - 1 3 4 5 4 1 - 1 - 1 - - 6.2
S. sessei 72 - - 3 6 8 15 17 11 7 2 1 2 6.8
Herbarium loans:
i- regia 146 4 23 52 38 15 8 4 2 - 3.6
S. betulifolia 19 - - 2 - 5 4 3 1 2 1 1 - - - 6.5
S. Dubescens 22 - 1 1 5 5 4 5 1 - - - - - - 5.3
S. sessei 88 1 1 4 17 16 13 13 11 6 4 2 - - - 6.1
S. libanensis 3 - - - - - - 1 1 - - - 1 - 11.0
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APPENDIX C. Length between bottom verticil!aster nodes (mi)
Species Pop. # n Min. Max. Mean SE of 5t Std. Dev. CV(i)
S. reqia 672 5 1.90 44.00 20.22 8.14 18.21 90.1687 4 2.50 20.00 13.13 3.76 7.51 57.2696 5 4.00 42.00 25.80 7.79 17.43 67.6820 5 7.50 28.00 21.70 3.69 8.26 38.1838 5 2.00 10.00 5.98 1.52 3.41 57.0842 2 11.00 15.00 13.00 2.00 2.83 21.8844 4 25.00 35.00 30.50 2.22 4.43 14.5
S. betulifolia 703 5 10.00 25.00 17.00 2.59 5.79 34.1709 5 14.00 33.00 22.60 3.08 6.88 30.4710 5 12.00 25.00 15.60 2.40 5,37 34.4
S. pubescens 796 5 3.50 5.70 4.60 0.41 0.91 19. 7797 5 6.00 10.00 7.22 0.72 1.60 22.2825 5 11.00 23.00 14.60 2.21 4.93 33.3828 5 8.00 24.00 14.20 2.65 5.93 41.8
S. sessei 750 5 16.00 32.00 24.60 2.79 6.23 25.3751 5 15.00 32.00 24.20 2.99 6.69 27.6752 5 10.00 27.00 18.40 2.69 6.03 32.8766 5 18.00 27.00 22.40 1.72 3.85 17.2767 5 9.20 24.00 16.24 2.86 6.40 39.4768 2 3.60 40.00 21.80 18.20 25.74 118.1769 5 12.00 26.00 16.60 2.79 6.23 37.:775 5 3.90 34.00 15.78 5.71 12.76 SO. 9776 5 19.00 26.00 21.40 1.29 2.88 13.5778 5 13.00 23.00 16.40 1.78 3.98 24.2779 5 14.00 46.00 31.20 5.78 12.93 41.4786 5 11.00 35.00 17.80 4.47 9.99 56.1788 5 19.00 25.00 23.20 1.20 2.68 11.6794 5 8.00 48.00 34.00 7.01 15.67 46.1795 5 9.00 23.00 17.00 2.51 5.61 33.0
Species n Min. Max. Mean SE of Î Std.Dev. CV(‘ )
Field-collected populations:
S. reqla 35 1.90 44.00 18.97 2.39 13.08 68.9
S. betulifolia 15 10.00 33.00 18.40 1.66 6.41 34.9
S, pubescens 20 3.50 24.00 10.16 1.29 5.76 56.7







144 1.10 34.00 8.17 0.55 6.57 80.4
19 7.00 51.00 17.20 2.22 9.68 56.3
22 3.50 21.00 11.46 1.07 5.02 43.8
88 3.00 35.00 14.82 0.68 6.41 43.2
3 25.00 47.00 34.67 6.49 11.24 32.4
APPENDIX C. Flower bract length:width ratio.
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Species Pop. # n Min. Max. Mean SE of X Std. Dev. CV(t)
S. regia 672 5 1.210 1.570 1.422 0.059 0.131 9.2687 5 1.110 2.180 1.550 0.188 0.421 27.2696 5 0.950 2.270 1.396 0.231 0.517 37.0820 5 1.240 2.500 1.780 0.229 0.511 23.7838 5 1.140 2.070 1.512 0.154 0.345 22.8842 5 1.410 2.040 1.622 0.126 0.282 17.4" 844 5 1.270 2.500 1.716 0.208 0.466 27.2
S. betulifolia 703 5 1.120 1.910 1.446 0.147 0.328 22.7709 5 0.510 1.250 1.020 0.148 0.330 32.4" 710 5 1.270 2.000 1.570 0.155 0.346 22.0
S. pubescens 796 5 1.180 1.180 1.400 0.109 0.244 17.4797 5 1.050 2.250 1.544 0.202 0.452 29.3825 5 1.200 2.410 1.598 0.213 0.476 29.8
" 828 5 0.850 1.000 0.924 0.025 0.056 6.0
S. sessei 750 5 1.000 6.250 2.214 1.015 2.271 102.6751 5 0.750 1.650 1.014 0.166 0.372 36.7752 5 0.930 1.500 1.086 0.104 0.233 21.5766 5 0.980 1.170 1.036 0.034 0.077 7.4767 5 0.750 1.330 0.990 0.107 0.238 24.1768 2 0.820 1.000 0.910 0.090 0.127 14.0769 5 0.940 1.660 1.272 0.128 0.286 22.5775 5 0.830 1.270 1.028 0.076 0.170 16.5776 5 0.380 2.200 1.126 0.308 0.690 61.2778 5 0,850 1.390 1.004 0.099 0.220 21.9779 5 1.000 1.340 1.164 0.070 0.157 13.5786 5 0.830 1.040 0.924 0.037 0.082 8.9788 5 0.930 1.430 1.148 0.096 0.215 18.7794 5 0.760 1.500 1.104 0.120 0.268 24.3795 5 0.560 1.080 0.868 0.106 0.238 27.4
Species n Min. Max. Mean SE of X Std.Dev. CV( J
Field-collected populations:
S. regia 35 0.950 2.500 1.571 0.066 0.390 24.8
S. betulifolia 15 0.510 2.000 1.345 0.102 0.394 29.3
S. pubescens 20 0.850 2.410 1.367 0.094 0.422 30.9
S. sessei 72 0.380 6.250 1.135 0.079 0.671 59.2
Herbarium loans:
S. regia 126 0.950 2.830 1.557 0.033 0.366 23.5
S. betulifolia 18 1.000 1.750 1.287 0.053 0.225 17.5
S. pubescens 22 0.920 3.130 1.604 0.121 0.569 35.5
S. sessei 76 0.570 8.330 1.196 0.104 0.903 75.5
S. libanensis 3 0.880 1.800 1.293 0.270 0.467 36.1
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APPENDIX C. Number of veins on calyx.
Species >00 # n 1 2 3 4 5 6 7 8 9 10 11 Mean
672 5 5 7.0
687 5 - . . 5 . . . - . . 5.0696 5 - - - - 1 - 4 . - . . 6.6820 5 - - - - 5 - . - - 7.0838 5 - - - . . 5 - - - - 7.0842 5 - - - - - - 5 - - - - 7.0844 5 - - - - - - 5 - - - - 7.0
703 5 _ - - _ 1 - 4 - - - - 6.6
709 5 - - - - 3 . 1 - 1 - - 6.2
710 5 - - - - I - 4 - - - - 6.6
796 5 - . 1 _ . 4 . . - - 6.4
797 5 . . - - - 5 - • - - 7.0
825 5 - • - - - 5 - - - - 7.0
828 5 - - - - - - 5 - - - - 7.0
750 5 _ - - _ 1 - 4 - . 8.6
751 5 - - - - 2 - 3 - . 8.2752 5 - . - - - - 5 - - - - 7.0
766 5 - - - 1 - 3 - 1 - - 7.0767 5 - - - - - 5 - - - - 7.0768 2 2 - - 9.0769 5 4 - 1 - - 7.4
775 5 1 - 4 - - 8.6776 5 . . . - - 5 . - - - 7.0778 5 - - - - - 5 - - - - 7.0779 5 - . - _ - 5 - - - - 7.0786 5 . - - - 5 - - - - 7.0
788 5 - - . - • 5 - - - - 7.0794 5 - _ - - 5 - - - - 7.0












































APPENDIX C. Outer calyx pubescence presence.























































Species n 1 2 Mean
Field-collected populations:
S. regia 35 - 35 2.0
S. betulifolia 15 - 15 2.0
S. pubescens 20 - 20 2.0
S. sessei 66 22 44 1.7
Herbarium loans:
S. regia 145 - 145 2.0
S. betulifolia 19 - 19 2.0
S. pubescens 22 - 22 2.0
S. sessei 84 19 65 1.8
S. libanensis 3 - 3 2.0
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APPENDIX C. Outer calyx pubescence orientation.
îcles Pop # n 1 2 3 Mean
reala 672 5 - 5 - 2.0687 5 1 4 2.8“ 696 5 - 1 4 2.8" 820 5 - - 5 3.0838 5 . - 5 3.0" 842 5 - - 5 3.0344 5 - - 5 3.0
betulifolla 703 5 _ 5 3.0709 5 _ . 5 3.0
710 5 - - 5 3.0
pubescens 796 5 S 3.0" 797 5 - - 5 3.0" 825 5 - - 5 3.0“ 828 5 - - 5 3.0
sessei 750 5 _ - 5 3.0" 751 5 - - 5 3.0" 752 5 - 5 - 2.0•* 766 5 . - 5 3.0" 767 5 - - 5 3.0
768 - - - -
769 5 - - 5 3.0
775 5 - - 5 3.0
776 - - - -
778 4 - 4 - 2.0
779 - . - - -
786 - - - -
788 - . - - -




























































































































































Species n Min. Max. Mean SE of X Std.Dev. CV(Î)
Field-collected populations:
S. regia 35 5.0 30.0 14.1 1.3 7.9 56.1
S. betulifolia 15 5.0 10.0 6.0 0.5 2.1 34.8
S. pubescens 20 5.0 35.0 17.3 2.0 8.8 51.0
S. sessei 66 - 10.0 3.6 0.4 2.9 79.9
Herbarium loans:
S. reqla 145 5.0 40.0 11.6 0.6 6.8 58.9
S. betulifolia 19 5.0 20.0 10.3 0.9 3.9 38.0
S. pubescens 22 5.0 40.0 18.2 2.0 9.5 52.0
S. sessei 84 - 40.0 4.5 0.4 3.4 75.8





Outer calyx pubescence length (mm).
































































































Species n Min. Max. Mean SE of % Std.Dev. CV(-)
Field-collected populations:
reqla 35 0.10 0.40 0.16 0.01 0.08 48.4
S. betulifolia 15 0.10 0.50 0.18 0.03 0.12 63.7
S. pubescens 20 0.10 0.40 0.26 0.02 0.09 36.2
S. sessei 66 0.10 0.50 0.13 0.01 0.11 83.7
Herbarium loans:
S. regia 145 0.10 0.80 0.16 0.01 0.10 67.0
S. betulifolia 19 0.10 0.40 0.20 0.02 0.09 43.6
S. pubescens 22 0.10 0.40 0.24 0.02 0.10 40.3
S. sessei 84 - 0.30 0.13 0.01 0.09 71.0
S. libanensis 3 0.10 0.20 0.17 0.03 0.06 34.6
APPENDIX C. Flowering calyx tube length (imt).
2 0 2








































































































































Species n Min. Max. Mean SE of X Std.Dev. CV(U
Field-collected populations:
S. re£l a 35 8.00 16.70 12.41 0.36 2.11 17.0
S. betulifolia 15 9.80 19.70 14.41 0.90 3.48 24.2
S. Pubescens 20 10.50 15.60 12.55 0.37 1.64 13.1
S. sessei 66 12.20 19.30 15.19 0.21 1.71 11.2
Herbarium loans:
S. regia 140 7.90 17.50 12.37 0.17 1.95 15.8
S. betulifolia 19 11.20 21.00 14.86 0.61 2.64 17.7
S. pubescens 22 10.70 17.70 13.18 0.35 1.63 12.4
S. sessei 83 8.60 20.80 16.16 0.24 2.18 13.5
S. libanensis 3 11.80 17.50 14.90 1.66 2.88 19.4
APPENDIX C. Flowering calyx tube mouth width (mm).
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Species Pop. # n Min. Max. Mean SE of % Std. Dev. cv(-)
S.* regia 672 5 5.80 8.30 6.76 0.43 0.97 14.3687 5 7.50 9.80 8.14 0.43 0.97 11.9696 5 8.40 9.70 9.00 0.25 0.56 6.3820 5 7.60 8,50 8.10 0.21 0.46 5.7838 5 9.30 11.40 10.46 0.40 0.89 8.5842 5 7.70 10.00 8.60 0.40 0.89 10.3844 5 8.80 11.80 10.22 0.53 1.18 11.5
S. betulifolia 703 5 6.80 9.80 8.18 0.52 ■ 1.15 14. I709 5 10.50 14.00 12.18 0.59 1.31 10.8710 5 8.00 12.30 10.00 0.86 1.92 19.2
S. pubescens 796 5 6.50 8.50 7.42 0.41 0.91 12.3797 5 6.30 8.80 7.56 0.40 0.89 11.7" 825 5 7.70 17.50 10.46 0.80 4.03 38.5828 5 7.10 12.00 9.56 0.90 2.00 20.9
5. sessei 750 5 9.80 11.10 10.32 0.22 0.50 4.8751 5 11.50 15.50 13.24 0.73 1.62 12.2752 5 9.50 13.60 11.80 0.75 1.68 14.2766 5 11.90 13.50 12.56 0.27 0.61 4.8767 5 10.00 11.80 10.74 0.41 0.92 8.6768 1 - - 15.00 - - -769 S 11.80 13.70 12.64 0.34 0.75 5.9775 5 10.50 15.60 13.04 0.96 2.14 16.4
776 5 10.30 13.50 11.88 0.59 1.31 11.0
778 5 10.30 12.90 11.66 0.51 1.15 9.8779 5 12.80 14.50 13.60 0.33 0.74 5.4
786 5 10.00 13.50 12.34 0.64 1.43 11.6788 5 10.10 14.00 12.22 0.65 1.46 12.0794 5 10.00 15.00 12.84 0.99 2.Z1 17.2
Species n Min. Max. Mean SE of X Std.Dev. even
Field-collected populations:
S. reqla 35 5.80 11.80 8.75 0.25 1.45 16.5
S. betulifolia 15 6.80 14.00 10.12 0.57 2.19 21.6
S. pubescens 20 6.30 17.50 8.75 0.57 2.53 28.9
S. sessei 66 9.50 15.60 12.26 0.19 1.57 12.8
Herbarium loans:
S, regia 140 4.20 17.90 8.01 0.15 1.74 21.7
S. betulifolia 19 6.60 13.50 9.43 0.45 1.97 20.9
S. pubescens 22 6.20 10.50 8.52 0.28 1.33 15.6
S. sessei 83 5.00 17.00 12.32 0.23 2.13 17.3
S. libanensis 3 12.50 13.30 13.00 0.25 0.44 3.4
APPENDIX C. Flowering calyx tube base width (mm),
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Species n Min. Max. Mean SE of % Std.Dev. cv(-)
Field-collected populations:
S. regia 35 1.00 3.00 1.98 0.08 0.46 23.1
S. betulifolia 15 1.50 3.00 2.04 0.10 0.37 18.1
S. pubescens 20 0.90 2.00 1.51 0.07 0.28 18.6
S. sessei 66 2.00 5.00 3.32 0.09 0.72 21.8
Herbarium loans:
S. regia 140 1.00 3.50 1.74 0.04 0.43 24.5
S, betulifolia 19 1.40 3.00 1.94 0.09 0.37 19.0
S. pubescens 22 0.80 2.20 1.56 0.07 0.31 19.8
S. sessei 83 1.20 5.00 2.72 0.08 0.72 26.7
S. libanensis 3 4.00 5.50 4.83 0.44 0.76 15.8
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appendix c. Flowering calyx tube lengthimoutb width ratio.
Species n Min. Max. Mean 5E of S Std. Dev. CV( )
672 5 1.250 1.490 1.342 0.043 0.096 7.1687 5 1.280 1.840 1.666 0.102 0.228 13. 7696 5 1.350 1.430 1.384 0.015 0.034 2.5820 5 1.190 1.460 1.334 0.044 0.098 7.3838 5 1.110 2.100 1.370 0.185 0.413 3C.2842 5 1.300 1.940 1.664 0.109 0.243844 5 1.360 1.540 1.453 0.035 0.079 5.4
703 5 1.190 1.650 1.392 0.086 0.193 13.9709 5 1.410 1.680 1.552 0.044 0.099 6.4710 5 1.190 1.540 1.342 0.078 0.174 13.0
796 5 1.400 1.720 1.523 0.067 0.150 9.8797 5 1.410 1.730 1.560 0.068 0.153 9.8825 5 1.290 4.840 2.188 0.669 1.495 62.4828 5 1.300 1.620 1.450 0.055 0.123 8.5





Species n Min. Max. Mean SE of % Std.Dev. cv(n)
Field-collected populations:
S. reqla 35 1.110 2.100 1.460 0.040 0.235 16.1
S. betulifolia 15 1.190 1.680 1.429 0.045 0.175 12.3
S. pubescens 20 1.290 4.840 1.682 0.170 0.759 45.1
S. sessei 66 0.830 1.650 1.255 0.022 0.174 13.9
Herbarium loans:
S. regia 140 1.120 2.330 1.594 0.023 0.274 17.2
S. betulifolia 19 1.210 2.450 1.614 0.071 0.311 19.2
S. pubescens 22 1.100 2.310 1.632 0.069 0.323 19.8
S. sessei 83 0.760 2.670 1.346 0.032 0.287 21.3
S. libanensis 3 0.940 1.330 1.143 0.113 0.196 17.1
APPENDIX C. Flowering calyx tube mouth width:base width ratio.
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Soecies Poo. # n Min. Max. Mean SE of X Std. Dev. CV(Z)
S. reqla 672 5 2.770 4.370 3.304 0.277 0.620 18.8687 5 4.220 5.770 4.806 0.279 0.624 13.0696 5 4.320 5.600 4.886 0.205 0.458 9.4820 5 2.830 5.070 3.682 0.394 0.881 23.9838 5 5.150 10.000 7.770 0.876 1.959 25.2842 5 3.330 4.530 4.076 0.227 0.508 12.5844 5 3.390 5.790 4.410 0.400 0.895 20.3
S. betulifolia 703 5 3.395 5.870 4.566 0.339 0.757 16.6709 5 4.000 7.530 5.626 0.690 1.543 27.4710 5 3.810 6.150 4.910 0.431 0.964 19.6
S. pubescens 796 5 4.260 2.600 5.530 0.726 1.623 29.4" 797 5 4.280 4.430 4.876 0.174 0.389 8.0825 5 4.800 3.770 5.754 0.518 1.158 20.1
828 5 4.610 6.750 6.276 0.690 1.544 24.6
S. sessei 750 5 2.220 5.570 2.444 0.075 0.167 6.8751 5 2.640 - 3.326 0.319 0.712 21.4
752 5 2.710 4.480 3.408 0.192 0.428 12.6
766 5 3.630 4.920 4.500 0.576 1.288 28.6767 5 2.500 5.400 3.734 0.520 1.164 31.2768 1 . 5.120 3.000 - — -
769 5 3.040 5.070 3.780 0.275 0.616 16.3
775 5 3.120 4.690 4.030 0.349 0.780 19.4
776 5 3.510 4.390 4.398 0.307 0.686 15.6
778 5 3.490 4.410 4.156 0.291 0.650 15.6
779 5 3.420 8.330 4.208 0.287 0.642 15.3786 5 3.570 5.360 4.066 0.210 0.450 11.1788 5 3.370 7.500 3.990 0.189 0.422 10.6794 5 3.600 8.000 3.976 0.129 0.289 7.3
Species n Min. Max. Mean SE of % Std.Dev. cv(,:)
Field-collected populations: 
reqla 35 2.770 10.000 4.705 0.277 1.638 34.8
S. betulifolia 15 3.810 7.530 5.034 0.297 1.148 22.8
S. pubescens 20 4.260 8.330 5.610 0.286 1.279 22.8
S, sessei 66 2.220 6.750 3.835 0.102 0.825 21.5
Herbarium loans:
S. reqla 140 0.900 9.980 4.741 0.108 1.281 27.0
S, betulifolia 19 3.350 6.440 4.945 0.220 0.957 19.4
S. pubescens 22 3.440 9.250 5.696 0.345 1.620 28.4
S. sessei 83 0.800 9.980 4.635 0.180 1.642 35.4
S. libanensis 3 2.420 3.300 2.740 0.281 0.487 17.8
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APPENDIX C. Upper flowering calyx lip length (tun).
Species Pop. # n Min. Max. Mean SE of X Std. Dev. cvC)
h  reg.la 672 5 2.20 3.50 2.96 0.29 0.65 22.0687 5 2.50 4.00 3.46 0.27 0.59 17.2* 696 5 4.50 5.50 5.10 0.19 0.42 8.2" 820 5 2.80 4.60 3.86 0.36 0.81 21.0838 5 3.60 5.00 4.14 0.24 0.53 12.7842 5 3.50 5.30 4.52 0.33 0.75 16.5844 5 3.00 4.00 3.58 0.20 0.44 12.2
S. betulifolia 703 5 3.40 5.00 4.16 0.31 0.69 16.5709 5 2.50 6.50 4.84 0.92 2.06 42.5710 5 4.00 5.60 5.08 0.31 0.68 13.5
S. pubescens 796 5 3.90 4.50 4.22 0.12 0.28 6.6" 797 5 3.30 5.50 4.62 0.37 0.82 17.8" 825 5 2.50 5.00 4.06 0.48 1.07 26.3828 5 1.70 4.00 2.46 0.41 0.91 37.1
S. sessei 750 5 3.20 4.70 3.92 0.32 0.72 18.4751 5 3.70 5.50 4.50 0.31 0.70 15.5752 5 3.20 4.80 4.16 0.34 0.75 18.0766 5 4.60 5.60 5.14 0.18 0.41 8.0767 5 2.00 2.90 2.38 0.15 0.34 14.4768 1 - - 4.80 - - -769 5 3.40 5.90 4.92 0.44 0.98 20.0775 5 1.70 4.60 3.44 0.54 1.21 35.0776 5 3.50 5.50 4.26 0.33 0.74 17.5778 5 3.10 5.20 3.72 0.19 0.43 11.6779 5 2.70 5.20 4.14 0.52 1.16 27.9786 5 2.20 5.00 3.82 0.54 1.20 31.3788 5 4.20 5.00 4.56 0.15 0.34 7.4794 5 4.10 5.00 4.58 0.18 0.41 8.9
Species n Min. Max. Mean SE of X Std.Dev. CVC)
Field-collected populations:
S. regia 35 2.20 5.50 3.95 0.15 0.87 22.1
S. betulifolia 15 2.50 6.50 4.69 0.33 1.28 27.3
S. pubescens 20 1.70 5.50 3.84 0.25 1.13 29.5







140 1.80 8.50 3.53 0.09 1.03 29.1
19 2.00 7.20 3.88 0.29 1.25 32.1
22 1.80 5.50 3.74 0.20 0.96 25.6
83 1.80 7.50 4.00 0.13 1.14 28.4
3 4.30 8.00 6.10 1.07 1.85 30.4
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APPEMUlX C. Upper flowering calyx lip apex shape.
BCies Pop * n 1 2 Mean
reqla 672 5 5 2.0









838 5 _ 5 2.0
842 5 _ 5 2.0
844 5 - 5 2.0
betulifolia 703 5 5 2.0
709 5 5 2.0
710 5 - 5 2.0
pubescens 796 5 5 2.0
797 5 _ 5 2.0
825 5 - 5 2.0
828 5 - 5 2.0
sessei 750 5 _ 5 2.0
751 5 _ 5 2.0
752 5 _ 5 2.0
766 5 _ 5 2.0
767 5 5 1.0
768 2 2 - 1.0
769 5 4 1 1.2
775 5 • - 5 2.0
776 5 5 - 1.0
778 5 - 5 2.0
779 5 _ 5 2.0
786 5 - 5 2.0
788 5 - 5 2.0
794 5 - 5 2.0










































APPENDIX C. Fruiting calyx tube length (mm).
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Species Poo. # n Min. Max. Mean SE of t Std. Dev. CV(S)
S. req1 a 672 5 6.80 9.30 7.50 0.46 1.02 13.6687 5 8.70 12.50 10.56 0.81 1.81 17.1696 5 11.50 13.50 12.14 0.36 0.81 6.7820 5 9.00 12.50 10.66 0.58 1.30 12.2838 5 8.50 12.00 10.30 0.74 1.64 16.0842 5 11.50 16.00 13.84 0.74 1.66 12.0844 5 12.80 14.60 13.60 0.34 0.77 5.6
S. betulifolia 703 5 9.50 14.50 12.18 0.98 2.19 10.0709 5 14.00 19.50 16.76 0.94 2.10 12.5710 5 11.50 14.30 13.02 0.45 1.01 7.8
S. pubescens 796 5 10.00 11.80 10.92 0.29 0.64 5.9" 797 5 11.00 11.90 11.34 0.15 0.34 3.0825 5 12.70 15.00 13.82 0.40 0.90 6.5828 5 10.30 15.50 13.42 0.08 1.97 14.7
S. sessei 750 5 12.50 13.80 13.08 0.24 0.55 4.2" 751 5 13.00 14.50 13.52 0.26 0.59 4.4752 5 14.70 17.20 16.22 0.43 . 0.95 5.9766 5 13.20 16.10 14.28 0.50 1.13 7.9767 5 13.00 15.50 14.24 0.43 0.95 6.7768 2 16.30 18.50 17.40 1.10 1.56 8.9769 5 16.50 17.40 17.10 0.17 0.37 2.2775 5 12.50 17.20 14.16 0.98 2.20 15.5776 5 16.20 17.00 16.62 0.14 0.30 1.8778 5 12.70 14.50 13.66 0.32 0.71 5.2
779 5 16.00 17.80 17.22 0.32 0.72 4.2786 5 12.50 15.80 14.28 0.55 1.23 8.6788 5 13.70 16.30 14.94 0.42 0.94 6.3794 5 13.50 14.50 13.96 0.19 0.42 3.0
Species n Min. Max. Mean SE of X Std.Dev. cv(. )
Field-collected populations:
S. reqla 35 6.80 16.00 11.23 0.41 2.39 21.3
S. betulifolia 15 9.50 19.50 13.99 0.69 2.68 19.1
S. pubescens 20 10.00 15.50 12.38 0.37 1.67 13.5
S. sessei 67 12.50 18.50 14.94 0.21 1.68 11.2
Herbarium loans:
S. reqla 49 7.50 16.90 12.74 0.29 2.03 15.9
S. betulifolia 12 12.20 20.20 15.40 0.66 2.30 14.9
S. pubescens 9 10.30 17.80 12.63 0.75 2.24 17.7
S. sessei 48 13.10 21.00 16.34 0.25 1.72 10.5
S. 1ibanensis 1 17.50 17.50 17.50 - - -
APPENDIX C. Fruiting calyx tube mouth width (mm).
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Species Pop. # n Min. Max. Mean SE of X Std. Dev. CV(%)
S. reqla 672 5 5.00 8.30 6.36 0.55 1.22 19.2687 5 5.50 9.60 7.60 0.66 1.47 19.4696 5 8.20 10.80 9.62 0.46 1.03 10.7820 5 7.00 10.00 8.68 0.63 1.41 16.3838 5 6.80 11.80 8.80 0.87 1.95 22.1842 5 7.20 9.40 8.46 0.43 0.96 11.4844 5 9.30 10.90 9.74 0.29 0.65 6.7
5. betulifolia 703 5 8.60 13.50 10.46 0.97 2.17 20.7*' 709 5 10.00 14.00 12.26 0.82 1.82 14.9" 710 5 9.50 12.70 11.04 0.53 1.19 10.8
S. pubescens 796 5 7.60 8.70 8.12 0.20 0.44 5.5797 5 7.50 9.10 8.04 0.28 0.64 7.9825 5 9.00 11.80 10.06 0.54 1.20 11.9828 5 7.90 11.00 9.90 0.57 1.27 12.8
S. sessei 750 5 10.50 12.50 11.56 0.36 0.80 6.9751 5 11.80 14.00 13.30 0.39 0.86 6.5752 5 11.40 17.00 14.32 1.13 2.52 17.8" 766 5 12.10 14.50 13.06 0.43 0.95 7.3767 S 9.40 11.90 10.50 0.45 1.01 9.6768 2 15.00 15.00 15.00 - - .“ 769 5 11.50 13.50 12.50 0.37 0.83 6.6" 775 5 15.10 18.20 16.08 0.55 1.23 7.6776 5 11.80 13.40 12.90 0.29 0.64 5.0" 778 5 11.00 13.00 11.96 0.38 0.84 7.1" 779 5 12.50 14.60 13.50 0.43 0.96 7.1" 786 5 11.90 13.70 12.86 0.35 0.79 6.1" 788 5 11.60 13.30 12.66 0.30 0.68 5.4794 5 12.70 15.90 14.06 0.59 1.31 9.3
Species n Min. Max. Mean SE of X Std.Dev. cv( ;)
Field-collected populations:
I- regia 35 5.00 11.80 8.47 0.27 1.62 19.1
S. betulifolia 15 8.60 14.00 11.25 0.47 1.82 16.1
S. pubescens 20 7.50 11.80 9.03 0.29 1.31 14.5
S. sessei 67 9.40 18.20 13.08 0.21 1.68 12.9
Herbarium loans:
S. regia 49 6.40 13.80 9.27 0.22 1.52 16.4
S. betulifolia 12 8.80 14.20 11.56 0.44 1.51 13.1
S. pubescens 9 8.00 10.30 9.18 0.32 0.96 10.5
S, sessei 48 9.80 17.30 13.75 0.25 1.75 12.7
S. libanensis 1 14.00 14.00 14.00 - - -
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APPENDIX C. Fruiting calyx tube base width (mm).
Soecies Poo. ë n Min. Max. Mean SE of X Std. Oev. CV(%)
S. reqla 672 5 2.50 4.00 3.20 0.26 0.57 17.8697 5 2.10 4.00 2.92 0.35 0.79 26.9" 696 5 2.50 2.80 2.68 0.06 0.13 4.9" 820 5 2.30 4.30 3.56 0.39 0.87 24.5" 838 5 2.30 3.50 2.98 0.25 0.56 18.8" 842 S 3.00 4.00 3.56 0.17 0.38 10.6844 5 3.50 4.50 3.82 0.19 0.43 11.3
S. betulifolia 703 5 3.00 3.90 3.36 0.16 0.35 10.4709 5 3.80 4.50 4.32 0.14 0.30 7.0710 5 3.00 4.50 3.50 0.27 0.61 17.5
S. pubescens 796 5 2.00 7.20 3.20 1.01 2.45 70.2" 797 5 2.00 2.80 2.42 0.13 0.30 12.2“ 825 5 1.70 2.50 ' 2.12 0.14 0.32 15.1" 828 5 2.30 3.30 2.86 0.20 0.44 15.4
S. sessei 750 5 3.00 4.50 3.92 0.25 0.55 14.1751 5 3.00 4.00 3.62 0.19 0.41 11.5752 5 4.30 5.50 5.04 0.22 0.50 9.9766 5 3.50 5.00 4.26 0.31 0.70 16.4767 5 2.00 4.00 3.08 0.33 0.75 24.2768 2 2.70 4.00 3.35 0.65 0.92 ,27.4
769 5 3.50 4.50 3.92 0.17 0.38 9.6
775 5 4.40 6.60 5.30 0.37 0.83 15.6
776 5 3.80 5.80 4.62 0.33 0.73 15.7
778 5 4.50 5.80 4.76 0.26 0.58 12.2
779 5 3.80 5.00 4.46 0.19 0.43 9.6
786 5 4.00 6.00 4.90 0.33 0.74 15.1
788 5 4.00 5.00 4.76 0.19 0.43 9.1794 5 4.20 5.30 4.58 0.18 0.42 9.2
Soecies n Min. Max. Mean SE of X Std.Dev. _cvirJ.
Field-collected populations:
Ŝ. reqla 35 2.10 4.50 3.25 0.11 0.66 20.2
S. betulifolia 15 3.00 4.50 3.73 0.16 0.60 16.1
S. pubescens 20 1.70 7.20 2.65 0.26 0.15 43.4
S. sessei 67 2.00 6.60 4.37 0.10 0.82 18.8
Herbarium loans:
S. reqla 49 1.00 3.80 2.20 0.09 0.63 28.8
S. betulifolia 12 1.50 4.30 2.63 0.22 0.78 29.5
S. pubescens 9 1.30 3.20 2.29 0.22 0.65 28.2
S. sessei 48 1.70 5.30 3.38 0.13 0.90 26.7
S. libanensis 1 6.00 6.00 6.00 - - -
APPLNUIX C. Fruiting calyx tube 1engtn:tiiouth width ratio.
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Species Pop. * n Min. Max. Mean SE of X Std. Dev. CV( )
S. regia 672 5 1.050 1.610 1.286 0.104 0.233 12.1687 5 1.190 1.650 1.408 0.088 0.197 14.0696 5 1.070 1.450 1.274 0.063 0.141 11.1820 5 1.100 1.370 1.242 0.054 0.120 9.7838 5 1.000 1.330 1.190 0,074 0.166 13.9842 5 1.450 2.080 1.652 0.114 0.255 15.4844 5 1.300 1.540 1.400 0.039 0.037 6.2
S. betulifolia 703 5 0.930 1.560 1.222 0.105 0.234 19.1709 5 1.170 1.560 1.380 0.069 0.154 11.2710 5 1.130 1.240 1.184 0.019 0.042 3.6
S. pubescens 796 5 1.150 1.450 1.352 0.053 0.117 8.7797 5 1.310 1.510 0.416 0.033 0.073 5.2825 5 1.080 1.560 1.394 0.084 0.187 13.4828 5 1.240 1.430 1.354 0.036 0.081 6.'I
S. sessei 750 5 1.000 1.290 1.138 0.048 0.106 9.3" 751 5 0.940 1.130 1.020 0.035 0.079 7.8752 5 1.010 1.330 1.152 0.067 0.150 13.0766 5 1.010 1.140 1.094 0.023 0.050 4.Ô767 5 1.180 1.530 1.364 0.065 0.144 10.6768 2 1.090 1.230 1.160 0.070 0.099 8.5769 5 1.270 1.510 1.370 0.048 0.108 7.9775 5 0.700 1.080 0.886 0.071 0.159 17.9776 5 1.210 1.440 1.292 0.039 0.088 6.2778 5 1.010 1.320 1.150 0.052 0.116 10.1779 5 1.200 1.400 1.280 0.045 0.101 7.9786 5 1.020 1.330 1.116 0.055 0.122 11.0788 5 1.040 1.410 1.188 0.061 0.137 11.5794 5 0.900 1.120 0.998 0.043 0.096 9.6
Species n Min. Max. Mean SE of Ü Std.Oev. cv(‘:)
Field-collected populations:
reqla 35 1.000 2.080 1.350 0.037 0.219 16.2
S. betulifolia 15 0.930 1.560 1.262 0.045 0.175 13.9
S. pubescens 20 1.080 1.560 1.379 0.026 0.116 8.4
S. sessei 67 0.700 1.S30 1.158 0.021 0.171 14.8
Herbarium loans:
S. reqla 49 1.040 2.010 1.396 0.034 0.238 17.1
S. betulifolia 12 0.970 1.970 1.374 0.076 0.263 19.2
S. pubescens 9 1.130 2.150 1.399 0.100 0.300 21.5
S. sessei 48 0.890 1.860 1.207 0.027 0.190 15.8
S. libanensis 1 1.250 1.250 1.250 - - -
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APPENDIX C. Fruiting calyx tube mouth width:base width ratio.
îcies Pop. # n Min. Max. Mean SE of X Std. Dev. CV(")
regia 672 5 1.660 2.480 2.012 0.156 0.345 17.4667 5 1.830 4.570 2.770 0.472 1.055 38.1696 5 2.930 4.000 3.596 0.182 0.408 11.3820 5 1.670 4.350 2.660 0.506 1.132 A2.6838 5 2.140 4.090 3,012 0.332 0.743 24.7842 5 2.030 2.690 2.386 0.110 0.246 10.3844 5 2.110 2-730 2.570 0.116 0.260 10.1
betullfoUa 703 5 2.690 3.460 3.090 0.151 0.338 11.0" 709 5 2.220 3.470 2.862 0.246 0.550 19.2710 5 2.110 3.830 3.248 0.318 0.711 21.9
pubescens 796 5 3.120 4.350 3.730 0,234 0.523 14.0" 797 5 2.860 3.800 3.356 0.183 0.408 12.2" 825 5 4.090 6.350 4.826 0.410 0.917 19.0828 5 2.970 4.780 3.522 0.323 0.722 20.5
sessei 750 5 2.620 3.670 2.994 0.191 0.428 14.3751 5 2.950 4.670 3.732 0.285 0.637 17.1752 5 2.180 3.260 2.844 0.194 0.433 15.2766 5 2.660 3.740 3.112 0.180 0.403 13.0767 S 2.350 5.250 3.604 0.474 1.060 29.4768 2 3.750 5.560 4.655 0.905 1.280 27.5769 5 2.950 3.740 3.216 0.156 0.348 10.8775 5 3.020 3.730 3.360 0.142 0.317 9.4776 5 2.220 3.470 2.844 0.207 0.463 16.3778 5 2.050 2.890 2.538 0.149 0.332 13.1779 5 2.500 3.340 3.048 0.151 0.337 11.0786 5 2.050 3.430 2.680 0.221 0.494 18.4788 5 2.320 3.130 2.680 0.129 0.289 10.B794 5 2.740 3.530 3.084 0.160 0.357 11.6
Species n Min. Max. Mean SE of X Std.Dev. cv(':)
Field-collected populations:
S. regia 35 1.660 4.570 2.715 0.133 0.784 28.9
S. betulifolia 15 2.110 3.830 3.067 0.139 0.539 17.6
S. pubescens 20 2.860 6.350 3.859 0.191 0.852 22.0
5. sessei 67 2.050 5.560 3.104 0.078 0.639 20.6
Herbarium loans:
S. regia 49 2.010 8.000 4.582 0.202 1.414 30.9
S. betulifolia 12 2.860 7.890 4.770 0.472 1.634 34.3
S. pubescens 9 3.010 7.850 4.552 0.515 1.544 33.9
S. sessei 48 1.480 7.850 4.345 0.208 1.444 33.2
S. libanensis 1 2.330 2.330 2.330 - - -
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APPENDIX C. Fruiting calyx tube shape.
îcles Pop 1 n 1 2 3 Mean
regia 672 5 5 1.0687 5 5 . 1.0696 5 5 . . 1.0820 5 5 - 1.0838 5 5 - - 1.0842 5 5 - - 1.0844 5 5 - - 1.0
betulifolia 703 5 5 1.0709 5 5 - - 1.0
710 5 S - - 1.0
pubescens 796 5 5 - 2.0
797 5 5 2.0" 825 5 5 2.0
828 5 5 - 2.0
sessei 750 • 5 _ 5 3.0" 751 5 - 5 3.0752 5 . S 3.0766 S . 5 3.0767 5 - . 5 3.0768 2 - - 2 3.0769 5 - - 5 3.0
775 5 - - 5 3.0776 5 - - 5 3.0
778 5 - - 5 3.0779 5 - . 5 3.0786 5 - - 5 3.0
788 5 - - 5 3.0794 5 - - 5 3.0





































APPENDIX C. Fruiting calyx tube side shape.
Species Poo # n 1 2 3 4 Mean
672 5 5 1.0687 5 5 - - - 1.0696 5 5 - - - 1.0820 5 5 - - . 1.0838 5 5 - - . 1.0842 5 5 - _ - 1.0844 5 5 - - - 1.0
703 5 5 . _ - 1.0
709 5 5 - - - 1.0710 5 5 - - - 1.0
796 5 5 4.0
797 5 - - - 5 4.0
825 5 - - - 5 4.0
828 5 - - - 5 4.0
750 5 _ 5 3.0
751 5 - - 5 _ 3.0
752 5 - 5 . 3.0766 5 - . 5 - 3.0767 5 - - 5 . 3.0768 2 - - 2 - 3.0
769 5 - - 5 - 3.0
775 5 - - 5 - 3.0776 5 . - 5 - 3.0
778 5 - - 5 - 3.0
779 5 - - 5 - 3.0
786 5 . . 5 - 3.0








































APPENDIX C. Pedicel length (mm)
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Soecies Poo. # n Min, Max. Mean SE of % Std. Dev. CV(%)
regia 672 5 1.00 1.30 1.16 0.07 0.15 13.1687 5 1.70 2.50 2.10 0.13 0.29 13.9696 5 2.40 3.20 2.64 0.14 0.32 12.2820 5 1.50 3.20 2.24 0.29 0.66 29.4838 5 1.30 2.20 1.96 0.17 0.38 12.3842 5 2.00 3.10 2.64 0.20 0.44 16.6844 5 1.90 3.10 2.66 0.21 0.47 17.8
S. betulifolia 703 5 1.30 3.00 2.12 0.38 0.38 40.2709 5 1.70 4.20 2.96 0.42 0.42 31.8710 5 2.50 4.00 3.08 0.25 0.25 18.3
S. pubescens 796 5 2.00 3.50 2.68 0.26 0.59 22.0“ 797 5 3.00 4.00 3.50 0.18 0.41 11.8825 5 2.20 4.70 3.82 0.47 1.06 27.7828 5 1.90 2.80 2.32 0.17 0.37 16.0
S. sessei 750 5 2.50 3.70 3.00 0.22 0.49 16.2751 5 4.20 5.00 4.56 0.13 0.29 6.3752 5 3.20 5.00 3.98 0.35 0.78 19.5766 5 3.90 4.50 4.24 0.14 0.31 7.4767 5 2.80 3.50 3.14 0.12 0.26 8.3768 1 - - 4.00 _ - _769 5 2.50 4.50 3.34 0.37 0.83 24.7775 5 3.80 4.80 4.38 0.19 0.42 9.6776 5 3.00 5.00 4.24 0.42 0.93 21.9
778 5 2.00 4.30 3.14 0.37 0.82 26.0
779 5 2.30 5.50 4.04 0.55 1.22 30.3
786 5 3.30 5.50 4.06 0.42 0.93 23.0788 5 2.80 6.10 4.14 0.55 1.23 30.0794 5 3.60 5.70 4.66 0.34 0.75 16.1
Species n Min. Max. Mean SE of X Std.Dev. CV(%)
Field-collected populations:
S. regia 35 1.00 3.20 2.20 0.11 0.63 28.7
S. betulifolia 15 1.30 4.20 2.72 0.22 0.87 31.8
S. pubescens 20 1.90 4.70 3.08 0.20 0.87 28.3
S. sessei 65 2.00 6.10 3.92 0.11 0.89 22.6
Herbarium loans:
S. regia 143 1.20 8.20 2.79 0.08 0.93 33.5
S. betulifolia 19 2.10 5.00 3.24 0.18 0.77 23.7
S. pubescens 22 1.50 4.20 2.73 0.18 0.83 30.3
S. sessei 83 1.80 7.20 3.71 0.11 0.99 26.7
S. libanensis 3 12.80 14.20 13.67 0.44 0.76 55.4
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APPENDIX C. Pedlcal pubescence presence.
Species
S.. regia 672 5 5 2.0687 5 5 2.0696 5 5 2.0820 5 5 2.0838 5 5 2.0842 5 5 2.0844 5 5 2.0
S. betulifolia 703 5 5 2.0" 709 5 5 2.0710 5 5 2.0
S. pubescens 796 5 5 2.0" 797 5 5 2.0825 5 5 2.0" 828 5 5 2.0
S. sessei 750 5 5 2.0" 751 5 5 2.0" 752 5 5 2.0" 766 5 5 2.0767 5 5 2.0" 768 1 1 2.0769 5 5 2.0775 5 5 2.0776 5 5 2.0778 5 5 2.0
779 5 5 2.0786 5 5 2.0788 5 5 2.0794 5 5 2.0795





























































































































APPENDIX C. Pedicel pubescence density (tr1chome#/mm^]





























































































































Species n Min. Max. Mean SE Of % Std.Dev. CV(%)
Field-collected populations:
s. regia 35 5.0 40.0 36.7 1.7 10.0 27.2
S. betulifolia 15 10.0 40.0 38.0 2.0 7.8 20.4
S. pubescens 20 10.0 40.0 36.0 2.2 10.0 27.6
S. sessei 66 5.0 40.0 28.6 1.9 15.1 53.0
Herbarium loans:
Ŝ. regia 143 10.0 40.0 33.0 0.8 10.0 30.3
S. betulifolia 19 10.0 40.0 30.8 2.6 11.3 36.8
S. pubescens 22 10.0 40.0 34.1 2.1 9.7 28.5
S, sessei 83 5.0 40.0 21.5 1.2 11.1 52.0
S. libanensis 3 40.0 40.0 40.0 - - -
APPENDIX C. Pedicel pubescence length (ram).
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Species Min Max. Mean SE of Ï
S. regia 672 5 0.10 0.10 0.10687 5 0.10 0.20 0.14 0.03 0.06 39.1696 5 0.10 0.10 0.10820 5 0.20 0.30 0.22 0.02 0.05 20.3838 5 0.20 0.20 0.20 _842 5 0.30 0.40 0.36 0.03 0.06 15.2844 5 0.30 0.40 0.36 0.03 0.06 15.2
S. betulifolia 703 5 0.10 0.30 0.22 0.04 0.08 38.1" 709 5 0.20 0.50 0.34 0.06 0.13 39.5710 5 0.20 0.30 0.26 0.03 0.06 21.1
S. pubescens 796 5 0.10 0.30 0.20 0.03 0.07 35.4797 5 0.10 0.20 0.18 0.02 0.05 24.8825 5 0.30 0.40 0.36 0.03 0.06 15.2828 S 0.30 0.50 0.40 0.05 0.10 25.0
S. sessei 750 5 0.10 0.50 0.18 0.08 0.18 99.4" 751 5 0.10 0.20 0.14 0.03 0.06 39.1" 752 5 0.10 0.20 0.12 0.02 0.05 37.3766 5 0.10 0.30 0.20 0.03 0.07 35.4767 5 0.10 0.30 0.16 0.04 0.09 55.9" 768 1 - - 0.10 . _" 769 5 0.20 0.30 0.26 0.03 0.06 21.1“ 775 5 0.20 0.30 0.28 0.02 0.05 16.0" 776 5 0.10 0.20 0.12 0.02 0.05 37.3" 778 5 0.10 0.20 0.14 0.03 0.06 45.7" 779 5 0.10 0.50 0.26 0.10 0.22 84.3" 786 5 0.10 0.10 0.10 ." 788 5 0.10 0.50 0.18 0.08 0.18 99.4794 5 0.10 0.10 0.10
Species n Min. Max. Mean SE of % Std.Dev. CV(%)
Field-collected populations;
S.. regia 35 0.10 0.40 0.21 0.02 0.11 52.3
S. betulifolia IS 0.10 0.50 0-27 0.03 0.10 37.8
S. pubescens 20 0.10 0.50 0.29 0.03 0.12 41.5
S. sessei 66 0.10 0.50 0.17 0.01 0.11 64.6
Herbarium loans:
2. regia 143 0.10 0.70 0.18 0.01 0.12 68.1
S. betulifolia 19 0.10 0.80 0.31 0.04 0.16 51.4
S. pubescens 22 0.10 0.60 0.29 0.03 0.12 41.0
1- sessei 83 0.10 0.50 0.16 0.01 0.10 58.4
S. libanensis 3 0.10 0.20 0.13 0.03 0.06 43.3
APPENDIX C. Corolla tube length (mi).
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Species Pop. # n Min. Max. Mean SE of % Std. Dev. CV(5S)
S. regia 672 5 19.50 21.10 20.12 0.26 0.59 2.9687 5 18.00 26.90 23.12 1.75 3.91 16.9696 5 27.50 31.90 30.68 0.84 1.87 6.1820 5 25.80 31.00 28.72 0.94 2.11 7.3838 5 25.00 33.00 29.76 1.42 3.17 10.7842 5 30.40 36.00 33.26 0.99 2.22 6.7844 5 33.40 45.50 41.44 2.10 4.69 11.3
S. betulifolia 703 5 12.20 29.00 23.16 2.98 6.67 28.8" 709 5 28.00 31.10 29.24 0.53 1.18 4.0710 5 26.00 29.00 27.10 0.60 1.34 5.0
S. pubescens 796 5 26.80 29.50 27.78 0.51 1.14 4. 1797 . 5 23.30 26.00 24.74 0.52 1.17 4.7825 5 32.90 36.00 34.62 0.60 1.34 3.9828 5 23.30 34.60 30.72 2.17 4.84 15.8
S. sessei 750 5 28.70 35.10 31.92 1.11 2.48 7.7751 5 27.50 30.60 29.00 0.51 1.13 3.9752 5 34.60 39.00 37.28 0.81 1.81 4.9766 5 29.70 35.30 32.24 0.93 2.08 6.4767 5 20.40 31.60 27.98 2.12 4.73 16.9768 1 — - 37.00 . - -769 5 28.00 30.50 29.50 0.49 1.09 3.7775 5 26.70 30.80 28.80 0.84 1.88 6.5776 5 22.90 35.00 28.64 2.46 5.49 19.2778 5 29.70 32.20 30.66 0.44 0.98 3.2779 5 31.00 33.00 32.40 0.37 0.82 2.5786 5 29.50 31.90 30.72 0.46 1.02 3.3788 5 28.70 30.50 39.58 0.35 0.78 2.6794 5 29.70 33.40 31.18 0.74 1.66 5.3
Species n Min. Max. Mean SE of % Std.Dev.
Field-collected populations;
S,. regia 35 18.00 45.50 29.59 1.19 7.03 23.8
S. betulifolia IS 12.20 31.10 26.50 1.17 4.52 17.1
S. pubescens 20 23.30 36.00 29.47 1.00 4.46 15.1
S. sessei 66 20.40 39.00 30.86 0.41 3.30 10.7
Herbarium loans: 
S. regia 58 18.70 41.40 28.01 0.67 5.12 18.3
S. betulifolia 14 22.50 35.00 28.79 1.04 3.89 13.5
S. Dubescens 12 24.70 44.80 33.83 1.68 5.83 17.2
S. sessei 45 20.00 39.50 30.09 0.72 4.82 16.0
S. libanensis 1 33.00 33.00 33.00 - - -
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APPENDIX C. Corolla tube shape.
Soecies »op # n 1 2 3 Mean
672 5 5 2.0
687 5 - 5 _ 2.0696 5 - 5 - 2.0820 5 1 4 - 1.8838 5 5 _ . 1.0842 5 5 . - 1.0844 5 - 5 - 2.0
703 5 4 1 1.2709 5 - 5 . 2.0
710 5 - 5 - 2.0
796 5 _ 5 . 2.0
797 5 - 5 . 2.0
825 5 5 - . 1.0
828 5 5 - - 1.0
750 5 5 - . 1.0
751 5 5 - - 1.0
752 5 5 • - 1.0
766 5 5 - - 1.0767 5 5 - - 1.0
768 1 1 - - 1.0769 5 5 - - 1.0
775 5 5 - _ 1.0776 5 5 • . 1.0
778 5 5 - - 1.0
779 5 5 - - 1.0
786 5 5 - - 1.0788 5 5 - - 1.0794 5 5 - - 1.0
795 - - - - -
S. reola
S. betulifolia — " — w ■ ■
S. pubescens
S. sessei 
—  — n------
Species Mean
Field-collected populations:
S_. regia 35 16 19
S. betulifolia 15 4 11
Ŝ. pubescens 20 10 10





























APPENDIX C. Galea length (mm).
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Species Min. Max. Mean SE of X Std. Dev. CV(Z]
S. regia 672 5 12.50 16.00 14.22 0.67 1.51 10.6687 5 14.00 17.00 15.44 0.57 1.28 8.3696 5 14.90 17.50 16.68 0.48 1.08 6.5820 5 13.70 18.90 16.40 0.83 1.86 11.3838 5 12.50 17.20 15.36 0.90 2.02 13.1" 842 5 14.70 17.80 16.54 0.53 1.19 7.2844 5 17.00 21.70 19.24 0.87 1.95 10.2
S. betulifolia 703 5 11.50 15.50 13.50 0.69 1.54 11.4" 709 5 14.80 20.30 17.42 1.18 2.64 15.2" 710 5 13.00 16.00 15.10 0.56 1.25 8.3
S. pubescens 796 5 19.70 21.50 20.60 0.36 0.80 3.9" 797 5 14.80 19.50 17.92 0.91 2.04 11.4" 825 5 10.80 21.00 15.72 1.85 4.13 26.3828 5 14.30 17.50 16.38 0.59 1.31 8.0
S. sessei 750 5 15.90 19.50 17.56 0.66 1.48 0.4*' 751 5 14.00 17.60 16.10 0.67 1.49 9.2” 752 5 16.00 18.50 17.38 0.40 0.89 5.1“ 766 5 20.50 23.50 21.50 0.55 1.23 5.7" 767 5 12.00 20.60 17.84 1.51 3.78 19.0" 768 1 - 17.40 - - ." 769 5 14.50 18.00 16.82 0.69 1.54 9.1775 5 17.00 21.80 18.90 0.84 1.87 9.9" 776 5 13.60 19.00 16.86 0.89 2.00 11.9778 5 17.30 19.80 18.36 0.41 0.92 5.0" 779 5 17.00 19.00 17.88 0.43 0.97 5.4“ 786 5 17.50 19.50 18.46 0.37 0.83 4.5788 5 18.80 20.70 19.90 0.38 0.85 4.3794 5 18.00 19.80 18.94 0.32 0.71 3*8
Species n Min. Max. Mean SE O f  % Std.Dev, CV(%)
Field-collected populations;
S,. regia 35 12.50 21.70 16.27 0.35 2.07 12.7
S. betulifolia 15 11.50 20.30 15.34 0.63 2.43 14.0
S, pubescens 20 10.80 21.50 17.66 0.66 2.95 16.7
S. sessei 66 12.00 23.50 18.18 0.24 1.96 10.8
Herbarium loans:
S. regia 57 7.90 22.20 16.69 0.34 2.56 15.4
S. betulifolia 14 11.60 19.00 15.48 0.65 2.42 15.6
S. oubescens 12 14.20 22.80 17.81 0.73 2.51 14.1
S. sessei 43 10.20 21.50 17.02 0.38 2.50 14.7
S. libanensis 1 20.00 20.00 20.00 - - -
APPENDIX C. Galea pubescence density (trichome#/mm ).
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Species n Min. Max. Mean SE of X Std.Dev. cv(%)
Field-collected populations:
S. regia 35 5.0 40.0 18.6 1.7 10.3 55.2
S. betulifolia 15 10.0 25.0 17.0 1.2 4.6 26.8
S. pubescens 20 10.0 40.0 21.0 2.1 9.4 44.8
S. sessei 65 10.0 40.0 28.1 1.4 11.0 39.3
Herbarium loans:
S. regia 119 5.0 40.0 17.4 0.8 8.4 48.1
S. betulifolia 18 5.0 20.0 14.7 1.1 4.7 31.8
S. oubescens 21 10.0 40.0 17.9 1.9 8.9 49.8
S. sessei 70 10.0 40.0 23.7 1.1 9.5 39.9
S. libanensis 1 10.0 10.0 10.0 - - -
APPENDIX C. Galea pubescence length (mm).
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Species n Min. Max. Mean SE of X Std.Dev. cv{-;)
Field-collected populations:
S. reg1 a 35 0.10 0.40 0.23 0.02 0.09 37.6
S. betulifolia 15 0.20 0.40 0.29 0.01 0.05 18.0
S. pubescens 20 0.20 0.50 0.39 0.02 0.10 27.0
S. sessei 65 0.10 0.40 0.21 0.01 0.06 27.4
Herbarium loans:
S. regl a 119 0.10 0.80 0.25 0.01 0.10 40.0
S. betulifolia 18 0.20 0.50 0.30 0.02 0.10 34.0
S. pubescens 21 0.20 0.70 0.40 0.03 0.10 32.0
S. sessei 70 0.10 0.50 0.20 0.01 0.07 35.0
S. libanensis 1 0.30 0.30 0.30 - -
APPENDIX C. Median lower lip length (mm).
2 2 6
Soecies Poo. # n Min. Max. Mean SE of X Std. Dev. CV(%)
S. regia 672 5 12.00 15.50 13.60 0.58 1.29 9.5687 5 9.00 16.50 13.52 1.09 2.43 18.0696 5 14.30 19.00 17.26 0.81 1.80 10.4820 5 13.20 19.20 16.68 1.12 2.50 15.0838 5 13.00 18.20 15.66 0.91 2.04 13.0842 5 16.40 18.40 17.16 0.36 0.80 4.7844 5 17.50 24.00 20.80 1.13 2.52 12.1
S. betulifolia 703 5 11.10 15.40 14.08 0.77 1.71 12.2II 709 5 15.50 19.50 17.36 0.74 1.64 9.5" 710 5 13.80 16.00 15.18 0.38 0.85 5.6
S. pubescens 796 5 20.70 23.00 21.42 0.47 1.05 4.9" 797 5 16.20 20.70 18.68 0.72 1.62 8.7■* 825 5 10.50 20.30 16.28 2.00 4.47 27.5
828 5 14.40 18.00 16.46 0.73 1.64 10.0
S. sessei 750 5 15.00 17.00 16.10 0.36 0.81 5.1
751 5 12.50 15.50 13.92 0.53 1.21 8.7" 752 5 17.00 20.00 18.06 0.59 1.31 7.3" 766 5 19.80 21.10 20.38 0.23 0.51 2.5
767 5 16.90 20.50 18.32 0.60 1.35 7.4
768 1 - - 19.50 - - -" 769 5 17.20 18.50 17.82 0.23 0.52 2.9
775 5 16.50 21.00 18.28 0.78 1.75 9.6" 776 5 14.40 19.50 17.18 0.83 1.86 10.8*• 778 5 16.00 19.10 17.82 0.57 1.28 7.2
779 5 16.90 19.50 17.74 0.48 1.08 6.1" 786 5 17.00 19.30 17.88 0.40 0.89 5.0" 788 5 18.60 21.60 19.58 0.54 1.21 6.2
794 5 16.00 20.00 18.38 0.74 1.65 9.0
Species n Min. Max. Mean SE of X Std.Dev. eve.)
Field-collected populations: 
S,. regia 35 9.90 24.00 16.38 0.50 2.97 28.6
S. betulifolia 15 11.10 19.50 15.54 0.50 1.95 11.1
S. pubescens 20 10.50 23.00 18.21 0.71 3.18 10.5
S. sessei 66 12.50 21.60 17.83 0.23 1.88 12.5
Herbarium loans:
56 8.00 22.70 15.95 0.36 2.70 16.9
S. betulifolia 14 9.50 19.00 14.81 0.69 2.58 17.4
S. pubescens 11 15.60 23.00 18.23 0.73 2.43 13.3
S. sessei 39 8.50 21.50 16.52 0.44 2.72 16.5
S. libanensis I 19.60 19.60 19.60 - - -
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APPENDIX C. Median lower lip width (mm).
Species Pop. # Min. Max. Mean SE of X Std. Dev. CV(X)
S. regia























































































































































Species M Min. • Max. Mean SE of X Std.Oev. c v c )
Field-collected populations:
S. regia 35 6.60 12.20 8.86 0.22 1.30 14.7
S. betulifolia 15 6.60 10.30 8.06 0.33 1.27 15.8
S. pubescens 20 7.20 10.10 8.63 0.18 0.82 9.5
S. sessei 66 5.50 16.50 7.87 0.18 1.42 18.1
Herbarium loans:
S. regia 54 5.60 11.00 8.14 0.17 1.24 15.3
S. betulifolia 14 4.70 12.00 8.01 0.58 2.15 26.9
S. pubescens 11 4.00 10.30 8.16 0.48 1.57 19.3
S. sessei 38 5.00 9.50 7.06 0.19 1.14 16.2
S. libanensis 1 14.40 14.40 14.40 - - -
2 2 8
Soecies
APPENDIX C. Median lower lobe shape.




























































































APPENDIX C. Lateral lobe shape.
Species Pop # n 1 2 3 4 5 Mean
672 5 5 1.0687 5 5 - - . . 1.0696 5 5 - - - - 1,0
820 5 5 - - . - 1.0
838 5 5 - - - - 1.0
842 5 5 - - - - 1.0
844 5 5 - - - - 1.0
703 5 5 _ . . _ 1.0
709 5 5 - - - - 1.0
710 5 5 - - - - 1.0
796 5 5 . _ - 1.0
797 5 5 - - - - 1.0
825 5 5 - - - - 1.0
828 5 5 - - - - 1.0
750 5 5 - - . 1.0
751 5 5 - - - . 1.0
752 5 5 - - - - 1.0
766 5 5 - - - - 1.0767 5 5 - - - - 1.0
768 1 1 - - - - 1.0
769 5 5 - - - - 1.0
775 5 5 _ - - - 1.0776 4 5 - - - - 1.0
778 5 5 - - - - 1.0
779 5 5 - - - - 1.0
786 5 5 - - - - 1.0
788 5 5 - - • - 1.0794 5 5 - - - - 1.0






S_. regia 35 35
S. betulifolia 15 15
2 pubescens 20 20






























C. Free filament length (mm).
Min. Max. Mean SE nf X Std. Dev. CV(:C)
S. regia 672 5 4.30 5.00 4.68 0.14 0.31 6.7687 5 4.50 6.00 5.10 0.25 0.55 10.7696 5 4.80 6.00 5.54 0.26 0.59 10.7820 5 4.00 5.40 4.78 0.24 0.54 11.3838 5 4.20 5.50 4.76 0.24 0.53 11.2842 5 4.00 5.30 4.56 0.21 0.47 10.2844 5 4.10 7.00 5.78 0.53 0.19 20.6
S. betulifolia 703 5 4.00 5.00 4.36 0.21 0.46 10.6709 5 5.00 6.00 5.50 0.16 0.35 6.4710 5 4.20 5.00 4.42 0.16 0.35 7.9
S. pubescens 796 5 4.40 5.50 5.18 0.22 0.49 9.4797 5 4.50 5.60 5.14 0.21 0.47 9.1825 5 4.10 6.10 5.30 0.33 0.74 13.9828 5 6.00 7.00 6.54 0.17 0.39 5.9
S. sessei 750 5 4.50 5.30 5.00 0.13 0.30 6.0751 5 4.50 5.50 4.90 0.19 0.42 8.5752 5 5.20 7.00 6.14 0.30 0.67 10.9766 5 6.00 6.60 6.20 0.11 0.25 4.0767 5 5.50 6.00 5.68 0.11 0.25 4.4768 1 - - 5.50 _ - -769 5 4.50 5.30 4.92 0.16 0.36 7.2775 5 4.40 6.00 5.20 0.29 0.64 12.4776 5 5.10 11.00 6.60 1.11 2.48 37.6778 5 5.00 5.50 5.14 0.10 0.22 4.3779 5 4.50 5.50 5.04 0.19 0.42 8.3786 S 4.30 5.50 4.96 0.24 0.54 10.8
788 5 4.20 5.00 4.70 0.16 0.35 7.4794 S 5.50 6.00 5.70 0.12 0.27 4.8
Species n Min. Max. Mean SE of X Std.Oev. ever)
Field-collected populations: 
S. regia 35 4.00 7.00 5.03 0.12 0.74 14.6
S. betulifolia IS 4.00 6.00 4.76 0.17 0.65 13.7
S. pubescens 20 4.10 7.00 5.54 0.17 0.77 13.9
S. sessei 66 4.20 11.00 5.40 0.11 0.92 17.0
Herbarium loans:
S. reqla 57 3.30 9.00 5.32 0.15 1.12 21.0
S. betulifolia 13 4.40 8.50 5.42 0.31 1.11 20.5
S. pubescens 12 3.40 7.20 5.24 0.30 1.02 19.5
S. sessei 45 3.90 7.10 5.18 0.10 0.68 13.1
S. libanensis 1 7.00 7.00 7.00 - -
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APPENDIX C. Rudder length (mm),


































































































































Species n Min. Max. Mean SE of % Std.Oev. cv(:;)
Field-collected populations:
S. regia 35 0.10 4.10 3.36 0.12 0.73 21.6
S. betulifolia IS 2.80 4.10 3.51 0.10 0.39 11.2
S. pubescens 20 2.30 3.50 3.15 0.06 0.26 8.4
S. sessei 66 2.00 4,20 3.48 0.04 0.36 10.2
Herbarium loans:
S. reqla 57 2.20 4.40 3.28 0.06 0.46 14.1
S. betulifolia 12 2.90 4.00 3.43 0.12 0.40 11.7
S. pubescens 12 2.60 3.70 3.13 0.00 0.26 8.4
S. sessei 44 1.30 3.80 3.08 0.07 0.45 14.5
S. libanensis 1 4.90 4.90 4.90 - - -
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APPENDIX C. Rudder shape.









696 5 4 1 1.2
820 5 1 4 1.8" 838 5 5 _ 1.0" 842 5 5 - 1.0*' 844 5 - 5 2.0
S. betulifolia 703 5 1 4 1.8n ~ — 709 5 5 2.0" 710 5 4 1 1.2
S. pubescens 796 5 5 - 1.0
797 5 5 1.0825 5 2 3 1.6
828 5 5 - 1.0
S. sessei 750 5 5 _ 1.0—n---- 751 5 4 1 1.2752 5 4 1 1.2
766 5 5 - 1.0
767 5 5 - 1.0
768 1 1 - 1.0
769 5 - 5 2.0
775 5 4 1 1.2776 5 4 1 1.2" 778 5 1 4 1.8* 779 5 5 _ 1.0" 786 5 2 3 1.6
788 5 5 - 1.0794 5 5 - 1.0
















































APPENDIX C. Ascendant connective length (mm).
233











































































































































Species n Min. Max. Mean SE of X Std.Oev. cv(%)
Field-collected populations:
S. reqla 34 6.40 14.80 10.22 0.32 1.89 18.5
S. betulifolia 15 7.20 12.00 9.85 0.34 1.32 13.4
S. pubescens 20 7.50 13.50 10.69 0.28 1.25 11.7
S. sessei 66 6.80 13.00 10.40 0.12 0.95 9.1
Herbarium loans:
S. regia 57 7.40 14.00 10.90 0.20 1.53 14.0
S. betulifolia 12 8.50 12.10 10.59 0.28 0.98 9.2
S. oubescens 12 9.40 14.60 11.31 0.49 1.70 13.2
S. sessei 44 7.00 13.30 10.65 0.21 1.41 15.1
S. libanensis 1 14.00 14.00 14.00 - - -
APPENDIX C. Anther length (imt).
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Species Pop. # n Min. Max. Mean SE of Std. Dev. CV(%)
S. real a 672 5 2.00 3.40 2.94 0.25 0.56 18.9687 5 3.30 3.70 3.52 0.07 0.15 4.2696 5 0.10 3.60 2.78 0.67 1.50 5.4820 5 2.40 3.30 2.92 0.16 0.36 12.4838 5 3.50 3.80 3.74 0.06 0.13 3.6842 5 3.50 3.80 3.64 0.05 0.11 3.1844 5 3.90 4.10 4.00 0.05 0.10 2.5
S. betulifolia 703 5 2.80 3.90 3.38 0.18 0.40 11.7709 5 3.50 4.10 3.86 0.11 0,25 6.5710 5 2.80 3.60 3.30 0.14 0.31 9.3
S. pubescens 796 5 2.30 3.40 3.06 0.20 0.45 14.7•» 797 5 3.10 3.30 3.20 0.03 0.07 2.2825 5 3.10 3.50 3.32 0.07 0.15 4.5828 5 2.80 3.10 3.00 0.06 0.14 4.7
S. sessei 750 5 2.00 3.90 3.30 0.36 0.81 24.6" 751 5 3.10 3.80 3.50 0.15 0.33 9.5" 752 5 3.30 4.00 3.66 0.12 0.26 7.1“ 766 5 3.30 4.20 3.60 0.16 0.35 9.8*' 767 5 3.70 4.00 3.80 0.06 0.14 3.7" 768 1 - - 3.40 - - -" 769 5 3.50 3.90 3.70 0.07 0.16 4.3775 5 3.30 3.60 3.42 0.06 0.13 3.8" 776 5 3.30 3.70 3.52 0.07 0.15 4.2" 778 5 3.40 3.70 3.52 0.05 0.11 3.1
779 5 3.20 3.60 3.40 0.07 0.16 4.7786 5 2.60 3.60 3.04 0.16 0.37 12.0" 788 5 2.50 3.80 3.34 0.23 0.50 15.1794 5 3.30 3.60 3.44 0.05 0.11 3.3
Species n Min. Max. Mean SE of % Std.Oev. CV(%)
Field-collected populations:
S. reqla 35 6.00 11.50 8.86 0.26 1.52 17.2
S. betulifolia 15 6.40 10.50 8.78 0.31 1.18 13.4
S. pubescens 20 6.80 10.20 8.96 0.18 0.81 9.1
S. sessei 66 6.00 11.50 9.00 0.11 0.88 9.8
Herbarium loans:
S. reqla 57 6.50 11.80 9.04 0.17 1.30 14.4
S. betulifolia 13 5.80 11.50 9.22 0.40 1.43 15.5
S. pubescens 12 7.00 11.70 9.23 0.35 1.23 13.3
S. sessei 44 6.00 10.70 8.93 0.16 1.09 12.2
S. libanensis 1 14.60 14.60 14.60 - - -
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Species
APPENDIX C. Stamlnodia pubescence density (tPichome#/mm^).











































































































Species n Min. Max. Mean SE of St Std.Oev. CV(%)
Field-collected populations:
S. reqla 35 10.0 40.0 32.9 1.8 10.4 31.6
S. betulifolia 15 5.0 40.0 37.7 2.3 9.0 24.0
S. pubescens 20 20.0 40.0 35.0 2.0 8.9 25.4
S. sessei 66 10.0 40.0 38.3 0.8 6.6 17.3
Herbarium loans:
S. regia 58 - 40.0 34.5 1.4 10.5 30.3
S. betulifolia 13 - 40.0 33.5 3.3 12.0 35.8
S. pubescens 12 10.0 40.0 30.8 3.4 11.7 37.8
S. sessei 45 - 40.0 21.8 2.4 16.0 73.5
S. libanensis 1 40.0 40.0 40.0 - - -
APPENDIX C. Posterior style branch length (mm).
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Species n Min. Max. Mean SE of X Std.Oev. CV(
Field-collected populations:
§.* reqla 35 1.80 5.90 3.69 0.19 1.11 30.2
S. betulifolia 15 2.30 6.00 3.73 0.28 1.08 29.0
S. pubescens 20 3.30 7.00 5.04 0.21 1.06 21.0
S. sessei 66 3.50 7.40 5.21 0.18 0.95 18.1
Herbarium loans:
S. regia 55 2.10 6.50 3.72 0.14 1.03 27.7
S. betulifolia 14 2.80 5.60 3.88 0.24 0.89 23.0
S. Dubescens 12 3.20 8.00 4.80 0.42 1.45 30.2
S. sessei 44 2.20 6.70 4.60 0.19 1.28 27.8
S. libanensis - - - - - - -
APPENDIX C. Anterior style branch length (mm),
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Species n Min. Max. Mean SE of X Std.Oev. CVC)
Field-collected populations:
S. reqla 35 0.60 3.00 1.90 0.11 0.63 33.0
S. betulifolia IS 1.00 3.50 1.98 0.21 0.83 41.7
S. pubescens 20 2.10 4.20 2.79 0.11 0.51 18.2
S. sessei 66 1.40 4.30 2.87 0.08 0.66 23.2
Herbarium loans:
S. regia 55 1.00 3.70 2.16 0.09 0.69 32.1
S. betulifolia 14 1.20 3.30 2.33 0.17 0.64 27.6
S. oubescens 12 1.60 4.00 2.81 0.19 0.66 23.5
S. sessei 44 1.50 4.20 2.77 0.10 0.67 24.1
S. libanensis 1 3.30 3.30 3.30 - - -
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APPENDIX C. Style pubescence presence.
scies Pop # n 1 2 Mean
regia 672 5 . 5 2.0687 5 4 1 1.2696 5 5 - 1.0820 5 3 2 1.4
838 5 5 - 1.0842 5 5 . 1.0844 5 5 - 1.0
betulIfolia 703 5 2 3 1.6" 709 5 4 1 1.2
710 5 5 - 1.0
pubescens 796 5 5 2.0" 797 5 - 5 2.0825 5 - 5 2.0" 828 5 - 5 2.0
sessei 750 5 . 5 2.0H"" • 751 5 . 5 2.0
752 5 1 4 1.8766 5 - 5 2.0
767 5 . 5 2.0
768 1 - 1 2.0769 5 - 5 2.0
775 5 - 5 2.0776 5 - 5 2.0














































APPENDIX C. Posterior style branch pubescence density (trichome#/mmf)
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Species n Min. Max. Mean SE of X Std.Dev. cv(-o
Field-collected populations:
S. reqla 35 - 5.0 1.1 0.4 2.1 186.4
S. betulIfolia 15 - 5.0 1.3 0.6 2.3 171.7
S. pubescens 20 5.0 40.0 12.0 1.9 8.5 70.8
S. sessei 64 - 40.0 26.6 1.9 15.5 58.2
Herbarium loans:
5.* regia 55 - 40.0 2.2 0.8 5.9 271.0
S. betulifolia 14 - 5.0 2.1 0.7 2.6 119.8
S. pubescens IS - 20.0 6.0 1.8 6.7 114.4
S. sessei 52 - 40.0 13.6 1.7 12.1 89.0
S. libanensis 1 5.0 5.0 5.0 - - -
240
Species
APPENDIX C. Posterior style branch pubescence length (mm)




































































































































Species n Min. Max. Mean SE of X Std.Dev. cvr.)
Field-collected populations:
S. reqla 35 - 0.50 0.08 0.03 0.16 195.2
S. betulifolia 15 - 0.40 0.08 0.04 0.14 173.0
S. pubescens 20 0.10 0.40 0.20 0.02 0.09 45.5
S. sessei 64 - 0.40 0.19 0.01 0.08 42.3
Herbarium loans:
reqla 55 - 0.50 0.09 0.02 0.15 175.0
S. betulifoil a 14 - 0.50 0.13 0.05 0.17 134.5
S. pubescens 15 - 0.50 0.19 0.05 0.19 100.6
S. sessei 52 - 0.50 0.20 0.01 0.09 45.5
S. libanensis 1 0.10 O.IO 0.10 - - -
APPENDIX C. Anterior style branch pubescence length (mm)
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Species n Min. Max. Mean SE of X Std.Dev. CV(%)
Field-collected populations:
S. reqla 35 - - - - - -
S. betulifolla 15 - 0.40 0.07 0.04 0.15 209.0
S. pubescens 20 - 0.40 0.08 0.02 0.09 121.0
S. sessei 64 - 0.50 0.26 0.01 0.11 39.9
Herbarium loans:
S. regia 55 - 0.70 0.08 0.02 0.18 209.5
S. betulIfolla 14 - 0.50 0.06 0.04 0.17 256.0
S. pubescens 14 - 0.70 0.24 0.07 0.25 104.3
S. sessei 52 - 0.40 0.22 0.02 0.14 63.3
S. libanensis 1 0.10 0.10 0.10 • - - -
APPENDIX C. Nutlet length (mm)
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Species Pop. # n Min. Max. Mean SE of % Std. Dev. CV(%)
S. reqla 672 5 2.80 4.70 3.98 0.32 0.71 17.9687 5 2.00 5.00 4.04 0.53 0.18 29.1" 696 5 4.00 6.40 4.98 0.45 1.01 20.3820 5 1.50 5.00 2.72 0.63 1.41 51.8838 5 4.60 5.40 5.00 0.16 0.35 70.7842 5 4.20 5.50 4.94 0.22 0.49 9.9844 5 4.70 6.20 5.28 0.28 0.62 11.8
S. betulifolia 703 5 2.30 5.00 3.40 0.56 1.25 36.9709 5 5.20 6.70 5.90 0.25 0.55 9.4710 5 3.50 5.20 4.60 0.31 0.69 15.0
S. pubescens 796 5 1.90 4.30 3.18 0.45 1.01 31.9
H 797 5 2.00 4.50 3.64 0.45 1.00. 27.5825 5 4.30 5.10 4.72 0.14 0.32 6.8" 828 5 2.40 4.70 3.86 0.39 0.86 22.3
S. sessei 750 5 0.90 4.80 2.82 0.75 1.68 59.4751 5 2.10 4.60 3.62 0.56 1.26 34.8" 752 5 2.40 5.00 4.28 0.48 1.06 24.9" 766 5 1.40 3.30 2.56 0.34 0.77 30.1" 767 5 0.50 1.90 1.14 0.24 0.54 47.5“ 768 1 - - 2.60 - - -" 769 5 2.50 4.10 3.52 0.29 0.65 IB.5" 775 5 3.30 4.20 3.90 0.16 0.35 9.1" 776 5 2.60 4.80 3.96 0.37 0.82 20.7" 778 5 3.00 4.30 3.86 0.23 0.52 13.4" 779 5 4.00 4.70 4.36 0.13 0.30 6.1" 786 5 3.30 3.70 3.54 0.10 0.22 6.2“ 788 5 4.00 4.60 4.38 0.10 0.23 5.2794 5 3.50 4.70 4.18 0.19 0.43 10.4
Species n Min. Max. Mean SE of X Std.Dev. CV(%)
Field-collected populations:
S. reqla 35 1.50 6.40 4.42 0.20 1.18 26.6
S. betulifolia 15 2.30 6.70 4.63 0.35 1.34 28.9
S. pubescens 20 1.90 5.10 3.85 0.22 0.97 25.1







42 2.10 6.50 4.41 0.15 0.94 21.3
10 3.40 9.80 5.32 0.55 1.73 32.5
9 2.30 5.00 3.60 0.29 0.87 24.1
36 1.10 9.80 3.88 0.21 1.26 32.4
1 3.10 3.10 3.10 - - -
APPENDIX C. Nutlet width (mm),
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îcies Poo. # n Min. Max. Mean SE of X Std. Dev. cv(:)
r p U 672 5 1.70 3.80 2.70 0.36 0.80 29.5687 5 1.10 3.50 2.62 0.40 0.90 34.5696 5 3.50 4.00 3.74 0.10 0.23 6.2820 5 1.00 4.20 2.14 0.62 1.37 64.2838 5 3.30 4.30 3.92 0.19 0.42 10.6842 5 2.60 3.80 3.30 0.21 0.46 14.1844 5 3.50 5.20 4.24 0.33 0.74 17.4
betulifol la 703 5 1.30 4.20 2.30 0.57 1.27 55.3709 5 4.00 4.90 4.32 0.15 0.34 7.9710 5 1.70 3.60 2.84 0.34 0.76 26.9
pubescens 796 5 1.00 2.60 1.66 0.35 0.77 46.6*' 797 5 1.00 3.10 1.82 0.40 0.89 49.1* 825 5 2.10 3.00 2.62 0.17 0.37 14.1828 5 2.30 3.90 2.74 0.30 0.67 24.3
sessei 750 5 0.70 2.90 1.64 0.42 0.94 57.4751 5 1.20 2.50 2.04 0.29 0.64 31.3752 5 1.20 3.10 2.58 0.35 0.78 30.2766 5 1.20 2.30 1.64 0.22 0.48 29.4767 5 0.60 1.00 0.74 0.08 0.17 22.6768 1 - - 1.90 _ - _769 5 1.20 2.70 1.90 0.25 0.56 29.3775 5 2.30 2.90 2.54 0.10 0.22 8.6776 5 1.90 3.70 2.76 0.30 0.67 24.3“ 778 5 2.10 3.50 2.90 0.24 0.53 18.3“ 779 5 2.40 3.10 2.76 0.13 0.30 10.8“ 786 5 2.00 3.70 2.56 0.30 0.67 26.0" 788 5 2.80 3.20 3.00 0.06 0.14 4.7794 5 2.40 3.60 2.80 0.23 0.51 18.2
Species n Min. Max. Mean SE of X Std.Oev. CV(-)
Field-collected populations:
S. regia 35 1.00 5.20 3.24 0.17 1.02 31.5
S. betulifolia 15 1.30 4.90 3.15 0.31 1.20 38.1
S. pubescens 20 1.00 3.90 2.21 0.18 0.81 36.6
S. sessei 66 0.60 3.70 2.29 0.10 0.81 35.4
Herbarium loans:
S. reqla 42 1.60 4.90 3.05 0.12 0.80 26.3
S. betulifolia 10 2.30 7.00 4.14 0.43 1.35 32.5
S. pubescens 9 1.10 3.90 2.09 0.30 0.89 42.5
S. sessei 36 0.70 8.50 2.59 0.19 1.15 44.5









Pop # n 1 2 Mean
672 5 5 1.0687 5 5 _ 1.0696 5 5 _ 1.0820 5 _ 5 2.0838 5 5 1.0842 5 5 _ 1.0844 5 5 - 1.0
703 5 3 2 1.4709 5 5 1.0710 5 5 - 1.0
796 5 5 2.0797 5 _ 5 2.0825 5 5 - 1.0828 5 5 - 1.0
750 5 1 4 1.8751 5 5 - 1.0752 5 5 - 1.0766 5 5 . 1.0767 5 5 . 1.0768 1 - 1 1.0769 5 5 _ 1.0
775 5 5 . 1.0
776 5 - 5 2.0778 5 - 5 2.0779 5 _ 5 2.0786 5 - 5 2.0

















































APPENDIX C. Nutlet pubescence density (trichome#/mm ).
Species Pop. If n Min. Max. Mean SE of % Std. Dev. CV(%)
S. reqla 672 5 _ 124.1687 5 - 40.0 17.0 9.4 21.1" 696 5 - ." 820 5 _ ." 838 5 _ . .
842 5 - _ _" 844 5 - - - - - -
S. betulifolia 703 5 _--- n----- 709 5 .
710 5 - - - - - -
S. pubescens 796 5 5.0 5.0 5.0 . «797 5 5.0 5.0 5.0 - .825 5 - 5.0 2.0 1.2 2.7 136.9828 5 - 5.0 1.0 1.0 2.2 223.6
S. sessei 750 5 40.0 40.0 40.0 _ •“ 751 5 40.0 40.0 40.0 _ _ -" 752 5 40.0 40.0 40.0 - . ." 766 5 40.0 40.0 40.0 . * ." 767 5 40.0 40.0 40.0 - . -" 768 2 40.0 40.0 40.0 . • -" 769 5 40.0 40.0 40.0 - - -775 5 40.0 40.0 40.0 - . ." 776 5 40.0 40.0 40.0 _ ." 778 5 40.0 40.0 40.0 . ." 779 5 40.0 40.0 40.0 _ .“ 786 5 40.0 40.0 40.0 - _ -" 788 5 40.0 40.0 40.0 _ _ .* 794 5 40.0 40.0 40.0 . .795 5 40.0 40.0 40.0
Species n Min. Max. Mean SE of X Std.Oev. CV(t)
Field-collected populations:
S. reqla 35











































APPENDIX C. Alternate sulci presence.
Pop # n 1 2 Mean
5 5 2.0
5 . 5 2.0
5 - 5 2.0
5 . 5 2.0
5 - 5 2.0
5 . 5 2.0
5 - 5 2.0
5 • 5 2.0
5 - 5 2.0
5 - 5 2.0
5 5 _ 1.0
5 5 - 1.05 5 . 1.0
5 5 - 1.0
5 5 . 1.0
5 5 - 1.05 5 - 1.0
5 5 . 1.0
5 5 - 1.0
2 2 - 1.05 5 1.0
5 5 - 1.0
5 5 - 1.0
5 5 - 1.0
5 5 - 1.0
5 5 - 1.0
5 5 - 1.0
5 5 _ 1.0






































































APPENDIX C. Elevation in meters.
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Species Poo. # n Min. Max. Mean SE of % Std. Dev. CV(%)
S. reqla 672 5 1980.0 1980.0 1980.0687 5 2468.0 2468.0 2468.0 .•* 696 5 2410.0 2410.0 2410.0 .“ 820 5 2130.0 2130.0 2130.0 - _ _" 838 5 2070.0 2070.0 2070.0 - _ ." 842 5 2180.0 2180.0 2180.0 _ _" 844 5 2180.0 2180.0 2180.0 - - -
S. betulifolia 703 5 2000.0 2000.0 2000.0 _H . 709 5 2365.0 2365.0 2365.0 _ . .“ 710 5 2300.0 2300.0 2300.0 - - -
S. pubescens 796 5 1640.0 1640.0 1640.0 - _ -
797 5 1830.0 1830.0 1830.0 _ - -825 5 1540.0 1540.0 1540.0 - - -
828 5 1490.0 1490.0 1490.0 - - -
S. sessei 750 5 1640.0 1640.0 1640.0 . _
751 5 1780.0 1780.0 1780.0 . . -
752 5 1640.0 1640.0 1640.0 . . -
766 5 2000.0 2000.0 2000.0 - - -" 767 5 2000.0 2000.0 2000.0 - - -" 768 2 2000.0 2000.0 2000.0 - - -“ 769 5 1925.0 1925.0 1925.0 - - -" 775 5 2000.0 2000.0 2000.0 - - -" 776 5 2000.0 2000.0 2000.0 - - -
778 5 1620.0 1620.0 1620.0 . -
" 779 5 1660.0 1660.0 1660.0 - - -
786 5 1630.0 1630.0 1630.0 . . -788 5 1420.0 1420.0 1420.0 - .794 5 1380.0 1380.0 1380.0 . . -" 795 5 1350.0 1350.0 1350.0 - - -
Species n Min. Max. Mean SE of % Std.Oev. CV(%)
Field-collected populations:
S. reqla 35 1980.0 2468.0 2202.6 28.0 165.8 7.5
S. betulifolia 15 2000.0 2365.0 2221.7 42.5 164.6 7.4
S. pubescens 20 1490.0 1830.0 1625.0 29.9 133.5 8.2
S. sessei 72 1350.0 2000.0 1725.4 27.4 232.4 13.5
Herbarium loans:
S. reqla 68 1067.0 3100.0 2010.0 46.0 379.4 18.9
S. betulifolia 10 1585.0 2438.0 2113.9 83.9 265.2 12.6
S. pubescens 17 762.0 2134.0 1630.1 86.6 445.1 15.8
S. sessei 53 1100.0 2250.0 1700.0 33.2 357.1 14.2
S. libanensis 3 1829.0 2600.0 2343.0 257.0 241.9 19.Q
24Ô
APPENDIX D
COMPILED RESULTS FROM PRINCIPAL COMPONENT ANALYSIS 
FOR VEGTATIVE CHARACTERS
For each species principal component analysis was conducted on the 
vegetative characters. The paired characters presented have 
correlation coefficients greater than 0.40. Factor loadings for each 
vegetative character on an orthogonally roatated factor matrix are 
presented. A reference list of variable names for the characters is 
presented in APPENDIX A.













LPDNA LPLGA .4743 2 1 IPDNA IPLGA .4919 2 1
II LPDNB .4881 2 2 II IPDNB .6122 2 2
II IPONA .7346 2 2 II PODN .4459 2 2
II IPLGA .4009 2 1 IPLGA IPLGB .5507 1 1
II IPDNB .3996 2 2 II PALG .5328 1 1
II PODN .4127 2 2 II POLG .4027 1 1
II LPLDN .4226 2 1 II LPULG .4175 1 1
LPLGA LPLGB .6195 1 1 II LPLDN .6282 1 1
II IPLGA .7732 1 1 II LPLLG .4154 1 1
II IPLGB .6199 1 1 IPLGB PALG .8347 1 1
II PADN .4226 1 1 II POLG .7461 1 1
II PALG .6400 1 1 II LPULG .6795 1 1
II POLG .5415 1 1 II LPLDN .5943 1 1
II LPULG .5961 1 1 II LPLLG .7736 1 1
II LPLDN .6026 1 1 PADN PALG .4321 1 1
II LPLLG .6153 1 1 II POLG .4156 1 1
LPDNB IPDNA .4895 2 2 PALG POLG .8748 1 1
II IPDNB .7623 It LPLDN .5741 1 1
LPLGB IPLGA .5091 1 1 II LPLLG .7739 1 1
II IPLGB .7825 1 1 PODN LPLDN .4013 2 1
II PALG .7385 1 1 POLG LPULG .6703 1 1
II POLG .6933 1 I II LPLDN .5019 1 1
II LPULG .6753 1 1 II LPLLG .7389 1 1
II LPLDN .5336 1 1 SPPLG SPLG .6861 3 3
II LPLLG .7022 1 1 II SPWI .6787 3 3
ro
VD
APPENDIX D— continued. Salvia regia.
Character pair
Factor
Correlation Loadings Character pair
Factor
Correlation Loadings
1 2 1 2 1 2 1 2
SPLG SPWI .8346 3 3 BTPLG BTWI .5835 5 5
SPWI SPLGWI -.5019 3 7 BTLG BTWI .5992 5 5
SBPLG SBLG .6787 4 4 LPUDN LPLDN .5357 2 1I SBWI .6325 4 4 LPULG LPLDN .4213 1 1I BTPLG .5093 4 5 I LPLLG .7845 1 1
SBLG SBWI .7969 4 4 LPLDN LPLLG .4804 1 1
SBWI SBLGWI -.5468 4 4 BCLG BCWI 1.0000 6 6
rocro










HT LPLGB -.4409 2 8 IPLGB PADN .4009 6 6
II IPLGA -.5652 2 3 II PALG .4314 6 1
II IPDNB -.5536 2 2 II SPWI .4738 6 9
II SPWI -.5257 2 9 II SBLGWI -.5951 6 1
II SPLGWI .5896 2 2 II BTLGWI -.4988 6 6
II ELE -.7169 2 2 II LPLLG .6973 6 1
LPDNA LPDNB .7615 4 4 PADN SBPLG .5104 6 1
II IPDNA .6246 4 3 II SBLGWI -.4371 6 1
II BCLGWI .4937 4 6 II BTLG -.4176 6 5
LPLGA LPLGB .5181 3 8 II BTLGWI -.4046 6 6
II IPDNA .6295 3 3 II LPLDN .4395 6 5
II IPLGA .7063 3 3 PALG POLG .9546 1 1
II BTPLG -.4939 3 3 II SBLG .5103 1 1
LPDNB IPDNA .4925 4 3 II SBWI .5206 1 1
II IPDNB .6683 4 2 II SBLGWI -.4141 1 1
II BTPLG .5075 4 3 II BTWI .5553 1 5
LPLGB SBLGWI -.5249 1 1 II LPLLG .5751 1 1
II BTLGWI -.4061 6 6 PODN BTPLG .5381 3 3
IPDNA IPLGA .5538 3 3 POLG SBLG .5674 1 1
IPLGA IPLGB .5361 3 6 II SBWI .5513 1 1
II PADN .4208 3 6 II BTWI .5206 1 5
II BTPLG -.5612 3 3 II LPLLG .5751 1 1
II ELE .4759 3 2 SPPLG SBWI .4315 1 1
IPDNB SPLGWI -.4438 2 2 II BTLGWI -.4337 6 6
II ELE .5821 2 2 II LPLLG .4987 1 1
ro
tn










SPLG SPWI .7966 9 9 SBLG BTLGWI -.4024 1 6
SPWI SPLGWI -.6063 9 2 II LPLLG .6420 1 1
II ELE .4096 9 2 SBWI SBLGWI -.7214 1 1
SPLGWI SBLGWI .4101 2 1 II BTLGWI -.4235 1 6
II BTLG .4016 2 5 II LPLLG .7299 1 1
II BTWI .4653 2 5 SBLGWI LPLLG -.6035 1 1
II ELE -.7518 2 2 II ELE -.4089 1 2
SBPLG SBLG .5907 1 1 BTLG BTWI .8267 5 5
II SBWI .6276 1 1 II LPLDN -.4823 5 5
II SBLGWI -.4512 1 1 BTWI BTLGWI -.4020 5 6
II BTPLG -.4767 1 3 II ELE -.4213 5 2
II LPLLG .4011 1 1 BTLGWI LPLLG -.4834 6 1
SBLG SBWI .8891 1 1 II BCLGWI -.4238 6 6
II SBLGWI -.4222 1 1 BCLG BCWI .9998 7 7
ro
tnro










HT PODN .4847 2 8 IPDNB PALG .5000 4 7
II SBWI .4887 2 3 II POLG .5000 4 7
II SBLGWI .4246 2 11 II SPLGWI .4552 4 10
II BCLG .4148 2 5 It SBLGWI .4022 4 11
II BCWI .4871 2 5 II BTPLG .4414 4 2
II BCLGWI .4584 2 6 IPLGB SPLG .4824 1 9
LPDNA SPLGWI .4245 4 10 II SBWI .4720 1 3
II BTPLG .4532 4 2 II BTLG .4557 1 2II BTLGWI .4424 4 11 II BTWI .4930 1 2
II BCLGWI .4503 4 6 PADN SPWI .4113 8 10
LPLGA SPLGWI .4074 1 10 II SBPLG .4249 8 3
II SBLG .4119 1 3 II SBLG .4327 8 3II BTLGWI .4434 1 11 II SBWI .4824 8 3
LPDNB SPPLG .4439 5 9 II BCLGWI .4883 8 6II SPLGWI .4171 5 10 II ELE .4036 8 11II BCLGWI .4022 5 6 PALG SBLGWI .4270 7 11
LPLGB SBLG .4390 1 3 II BTPLG .4699 7 2
IPDNA SPLGWI .4926 5 10 II BTLG .4914 7 2II ELE .4286 5 11 PODN POLG .4035 8 7
IPLGA SPLG .4593 1 9 II SPLGWI .4524 8 10II SBWI .4378 1 3 II BCLGWI .4927 8 6II BTPLG .4012 1 2 POLG SPPLG .4701 7 9
II BTLG .4948 1 2 II SBLGWI .4890 7 11
II BTWI .4259 1 2 II LPUDN .4230 7 6II BTLGWI .4246 1 11 II LPLDN .4469 7 6
ro
enLO










SPPLG SPWI .4340 9 10 SBLG LPUDN .4085 3 6
(1 SPLGWI .4198 9 10 II BCLG .4053 3 5
II BTLG .4319 9 2 II BCLGWI .4168 3 6
II LPUDN .4419 9 6 SBWI BCWI .4686 3 5
II BCWI .4455 9 5 II ELE .4577 3 11
SPLG SBLGWI .4160 9 11 BTLG LPULG .4742 2 6
II BTLGWI .4977 9 11 BTWI LPULG .4497 2 6
SPWI BTLG .4462 10 2 BTLGWI LPUDN .4772 11 6
II BCWI .4733 10 5 II LPULG .4724 11 6
II ELE .4706 10 11 II BCWI .4784 11 5
SPLGWI SBWI .4954 10 3 LPULG BCLG .4143 6 5
SBPLG LPUDN .4266 3 6 LPLDN BCLG .4289 6 5
SBLG SBLGWI .4982 3 11
rooi-Pi










HT IPLGA .4191 3(7) 2 LPDNB LPLDN .4226 1 5
II SPWI -.4596 3(7) 3 II SPLLG .6309 1 5
LPDNA LPDNB .9985 1 1 LPLGB IPLGA .7706 2 2
II IPDNA .9344 1 1 II IPLGB .8019 2 2
II IPDNB .7946 1 1 II POLG .6379 2 2
II PADN .5913 1 5 II BCWI .5265 2 8
II PALG .4469 1 6 IPDNA IPDNB .9587 1 1
ti PODN .8284 1 1 II PODN .7466 1 1
II BTLG .4827 1 4 II BTLGWI .4815 1 9
II BTLGWI .5642 1 9 II LPLLG .4871 1 5
II LPLDN .4418 1 5 IPLGA IPLGB .9856 2 2
II LPLLG .6507 1 5 II PALG .4600 2 6
LPLGA LPLGB .9880 2 2 II POLG .6799 2 2
II IPLGA .8120 2 2 II SPPLG .4182 2 7
II IPLGB .8175 2 2 II SPLG .4076 2 3
II PALG .4149 2 6 II BTPLG .4605 2 4
II POLG .6810 2 2 II BTLG .6127 2 4
II LPLLG .4526 2 5 II BTWI .5857 2 4
II BCLG .4179 2 8 II LPLLG .6495 2 5
II BCWI .5542 2 8 II ELE -.4013 2 4
LPDNB IPDNA .9527 1 1 IPDNB PODN .6113 1 1
II IPDNB .8271 1 1 IPLGB PALG .4013 2 6
II PADN .5665 1 5 II POLG .6500 2 2
II PALG .4394 1 6 II SPPLG .4283 2 7
II PODN .8229 1 1 II BTPLG .4403 2 4
II BTLG .4718 1 4 II BTLG .5548 2 4
II BTLGWI .5562 1 9 II BTWI .5646 2 4
rotn













IPLGB LPLLG .5614 2 5 SPWI SPLGWI -.6738 3 7
PADN PODN .7739 5 1 II SBPLG .6031 3 3
II LPUDN .4599 5 5 II SBLG .5824 3 3
II LPLDN .7435 5 5 II SBWI .6925 3 3
II LPLLG .6560 5 5 II BCLG .4115 3 8
PALG POLG .8429 6 2 II BCWI ,4957 3 8
II LPLDN .4869 6 5 SPLGWI SBWI -.4414 7 3
It LPLLG .5766 6 5 II SBLGWI .4414 7 7
PODN BTLG .4053 1 4 SBPLG SBLG .7188 3 3
II LPLDN .4500 1 5 II SBWI .8553 3 3II LPLLG .5293 1 5 SBLG SBWI .7956 3 3
POLG SPPLG .4883 2 7 BTPLG BTLG .5475 4 4
II SPLG .4762 2 3 II BTWI .7687 4 4
II LPLDN .4181 2 5 II ELE -.4379 4 4
II LPLLG .5982 2 5 BTLG BTWI .8511 4 4
II BCLG .4517 2 8 II LPLLG .4323 4 5
SPPLG SPLG .5593 7 3 II ELE -.7435 4 4II SPWI .5362 7 3 BTWI LPULG .5148 4 6
II SBPLG .4164 7 3 II ELE -.6649 4 4
II LPLLG .4082 7 5 LPUDN LPLDN .6467 5 5
SPLG SPWI .8414 3 3 LPULG BCWI .4913 6 8
II SBPLG .5887 3 3 II BCLGWI -.5063 6 6II SBLG .7056 3 3 II ELE -.4043 6 4
II SBWI .6240 3 3 LPLDN LPLLG .6203 5 5II BCLG .4074 3 8 BCLG BCWI .7705 8 8






COMPILED RESULTS FROM PRINCIPAL COMPONENT ANALYSIS 
FOR FLORAL CHARACTERS
For each species principal component analysis was conducted on the 
floral characters. The paired characters presented have correlation 
coefficients greater than 0.40. Factor loadings for each floral 
character on an orthogonally rotated factor matrix are presented. A 
reference list of variable names for the characters is presented in 
APPENDIX A.










LGFBP NUMNF .5356 4 15 GLG MLBLG .4539 1 1ti VTD .5432 4 4 I MLBWI .4134 1 1I VBD .8444 4 4 I RLG .5687 1 2(1)
VTD VBD .4702 4 4 I ACLG .6043 1 1
L6SB NUMNL .6782 12 12 MLLLG MLLWI .6022 1 1
CPOLG PPLG .6168 17 2 I MLBLG .6461 1 1
CPIDN CPILG .6765 13 13 I MLBWI .5836 1 1
CTLG CTTWI .4424 3 3 I RLG .4904 1 2(1)I ULLG .4026 3 3 I ACLG .4896 1 1
CTTWI CTLGWI -.5379 3 16 MLLWI MLBLG .4723 1 1I CTWIWI .5097 3 14 It MLBWI .6663 1 1I ULLG .4168 3 3 I LBWI .4695 1 2
CTBWI CTWIWI -.6123 14 14 MLBLG MLBWI .5373 1 1
CTLGWI CTWIWI -.4441 16 14 MLBWI RLG .4267 1 2(1)
ULLG LLLG .8286 3 3 I ALG .4352 1 2
FTLG FTTWI .4738 7 7 FFLG RLG .4535 2(7,8) 2(1)I FTLGWI .5117 7 7 I ACLG .4852 2(7,8) 1
FTTWI FTLGWI .5046 7 7 I ALG .4173 2(7,8) 2
FTBWI FTWIWI -.8442 9 7 RLG ACLG .7098 2(1) 1
PPLG CTLGG .4664 2 2 I ALG .6921 2(1) 2
CTLGG GLG .4718 2 1 I SPBLG .5035 2(1) 2I MLLLG .4575 2 1 I SABLG .4246 2(1) 2I FFLG .5240 2 2(7,8) ACLG ALG .5736 1 2I RLG .6215 2 2(1) ALG SPBLG .4216 2 2I ACLG .4966 2 1 SMPDN SMPLG .7053 8 8I ALG .5061 2 2 SPBLG SABLG .7852 2 2I SPBLG .4805 2 2 SPPDN SPADN .9745 10 10
GLG MLLLG .8041 1 1 SPPLGG SPALG .7188 11 11I MLLWI .5299 1 1 NLG NWI .8763 5 5 ro
cnoc













LGFBP NUMNF .7858 1 10
II CPOLG -.5026 1 8
II CTTWI .6236 1 1
II CTLGWI -.4155 1 4
II CTWIWI .4332 1
II FTTWI .4775 1
II FTWIWI .4332 1
II PLG .4068 1
II GLG .4908 1
II MLLWI .4067 1
It MLBWI .4905 1
II LBWI .5227 1
II FFLG .4197 1
II RLG .5268 1
II ACLG .4858 1
II ALG .4839 1
II SPPLGG -.4097 1 2
NUMNF CPODN -.4096 10 9
II CPOLG -.4386 10 8
II CTTWI .5503 10
II CTLGWI -.4584 10
It MLLLG .4333 10
II RLG .4516 10
II ALG .4051 10
II SPBLG .5185 10











































































































































CPILG SPBLG .4654 7 7 CTTWI MLLLG .6163 1 1I NWI .4594 7 3 I MLLWI .7228 1 1
CTLG CTTWI .5999 1 1 I MLBLG .6304 1 1I CTBWI .6686 1 1 I MLBWI .5470 1 1I ULLL -.4300 1 If LBWI .4939 1 1I PLG .5012 1 1(6) I RLG .6125 1 1I PPLG .4941 1 I ACLG .5826 1 1I CTLGG . .6669 1 1(2) I ALG .6474 1 1I GLG .7039 1 I SABLG .4571 1 1(3)I MLLLG .4030 1 1 CTBWI PLG .4581 1 1(6)I MLLWI .6235 1 1 I PPLG .5791 1 1(6)I MLBLG .4761 1 1 I CTLGG .4582 1 1I MLBWI .5105 1 1 I GLG .5725 1 1I LBWI .4486 1 1 I GPLG .5578 1I RLG .5468 1 1 I MLLWI .6438 1 1I ACLG .5612 1 1 I MLBLG .4140 1 1I SABLG .4646 1 1(3) I MLBWI .5176 1 1
CTTWI CTBWI .4965 1 1 I RLG .5561 1 1I CTLGWI -.5820 1 4 I ACLG .4509 1 1I CTWIWI .6147 1 4 I SMPLG .4552 1 10I ULLG .4555 1 I GHLG .5065 2I LLLG .4806 1 CTLGWI CTWIWI -.6294 4 4I FTTWI .5783 1 1 It FTTWI -.4175 4 1I FTLGWI -.4014 1 4 I FTLGWI .6100 4 4I GLG .7472 1 1 I ALG -.4470 4 1I GPLG .4059 1 3 CTWIWI ULLG .4343 4 5
actor
rocr»o






CTWIWI FTTWI .4807 4 1I FTLGWI -.4089 4 4I ALG .4270 4 1
ULLG LLLG .9463 5 5I GLG .4898 5 1I ALG .5083 5 1
LLLG ULLL -.5694 5 5I GLG .5360 5 1I GPLG .4558 5 2I MLLLG .4701 5 1I ALG .5070 5 1
ULLL GPLG -.5871 5 2I RLG -.5037 5 1
FTLG FTLGWI .6431 4(7) 4I CTLGG .4179 4(7) 1(2)I MLLLG .4425 4(7) 1I MLBWI .4823 4(7) 1It ACLG .5073 4(7) 1I SPBLG .6041 4(7) 7I NWI .4011 4(7) 3














LBWI .5247 1 1
ACLG .5921 1 1
ALG .5658 1 1
SMPDN -.4968 1 5
FTWIWI -.8344 6 6
GPDN .5418 6 6
SPPDN .4359 6 2
PPDN -.5624 6 9
PLG .4087 6 1(6)
GPDN -.5532 6 6
LBWI .5070 6 1
ACLG .4940 6 1
SMPDN -.4328 6 5
SPPDN .4003 6 2
PPLG .6994 1(6 8
CTLGG .5814 1(6 2
GLG .5707 1(6 1
GPDN -.7394 1(6 6
GPLG .4628 1(6 2
MLLWI .4803 1(6 1
MLBLG .4475 1(6 1
LBWI .5172 1(6 1
RLG .6189 1(6 1
ACLG .5882 1(6 1
SMPLG .5094 1(6 10
GHLG .4044 1(6 2
t \ 3
cn










PPDN SMLG -.4389 9 10 GPDN LBWI -.5461 6 1
PPLG CTLGG .5872 8 2 I RLG -.5912 6 1I GPLG .5225 8 2 I ACLG -.5745 6 1I SMPLG .4532 8 10 I SMPLG -.5640 6 10I GHLG .6016 8 2 GPLG MLLWI .4155 2 1
CTLGG GPDN -.4631 2 6 I RLG .4390 2 1I MLLWI .5121 2 1 I ALG .4439 2 1I MLBLG .4301 2 1 I SPPDN .4728 2 2I RLG .5069 2 1 I SPPLGG .5726 2 2It ACLG .5171 2 1 I GHLG .7062 2 2I SMPLG .4633 2 10 MLLLG MLLWI .5374 1 1I SABLG .4958 2 1(3) I MLBLG .5555 1 1I SPPLGG -.4556 2 2 I MLBWI .5024 1 1I SPADN -.6463 2 2 It RLG .5997 1 1I SPALG -.6459 2 2 I ACLG .5183 1 1
GLG GPDN -.4548 1 6 I ALG .7200 1 1I GPLG .4615 1 2 I SPBLG .4402 1 7I MLLLG .7406 1 1 MLLWI MLBLG .8775 1 1I MLLWI .6704 1 1 I MLBWI .8090 1 1I MLBLG .7073 1 1 I LBWI .7630 1 1I MLBWI .4647 1 1 I RLG .6423 1 1I LBWI .6177 1 1 I ACLG .6227 1 1I RLG .6832 1 1 I ALG .4575 1 1I ACLG .7027 1 1 I SABLG .5120 1 1(3)I ALG .7881 1 1 MLBLG MLBWI .7368 1 1
GPDN MLBLG -.4705 6 1 I LBWI .8039 1 1
PO
ro










MLBL6 RLG .6166 1 1 ACLG ALG .5141 1 1
II ACLG .7706 1 1 II SMPDN -.4145 1 5
II ALG .5492 1 1 II SMPLG .5893 1 10
II SMPDN -.6046 1 5 II SPBLG .4857 1 7
MLBWI ACLG .4947 1 1 II SABLG .4979 1 1
II NUI .4070 1 3 II SPADN -.4437 1 2
LBLG FFLG .8405 3 3 SMLG SMPLG -.4615 10 10
II SMLG -.4121 3 10 SMPDN SPPDN .4459 5 2
II NLG .8490 3 3 SMPLG SPBLG .5158 10 7
II NUI .7478 3 3 II SABLG .6092 10 1
LBWI RLG .6133 1 1 SPBLG SABLG .5440 7 1
II ACLG .5800 1 1 SABLG NLG .4585 1(3) 3
II ALG .5398 1 1 II NUI .5148 1(3) 3
II SABLG .4387 1 1 SPPDN SPPLGG .8911 2 2
FFLG SMLG -.4334 3 10 II SPADN .4714 2 2
II SMPLG .5125 3 10 II SPALG .4681 2 2
II SABLG .4858 3 1 II GHLG .4676 2 2
II NLG .8481 3 3 SPPLGG SPADN .6651 2 2
II NUI .7667 3 3 II SPALG .6874 2 2
RLG ACLG .8031 1 1 II GHLG .6521 2 2
II ALG .4978 1 1 SPADN SPALG .9929 2 2
II SMPLG .7201 1 10 II GHLG .4008 2 2
II SPBLG .4639 1 7 SPALG GHLG .4612 2 2































































































































MLLLG MLBWI .4429 1 2
II FFLG .4007 1 1
II RLG .5160 1 1
II ACLG .4159 1 1
MLLWI MLBWI .6209 2 2
II LBLG .4251 2 2
II LBWI .7233 2 2
MLBLG MLBWI .5041 12 2
II LBLG .4063 12 2
II ACLG .5186 12 1
MLBWI LBLG .4827 2 2
II LBWI .5965 2 2
LBLG LBWI .5040 2 2
FFLG RLG .5701 1 1
RLG ACLG .6840 1 1
ALG SMPDN .4836 4 3
SMPDN SMPLG .6542 3 3
II SPPDN .4503 3 4
SPBLG SABLG .7016 11 11
SPPDN SPADN .6387 4 4
II SPALG .4072 4 4
SPADN SPALG .5857 4 4
NLG NWI .9441 5 5
t\>Cl.p»



























































































































CPOLG NPLG .6188 2 2
CPIDN CPILG .6869 11 11I LBWI -.4385 11 4
CPILG PLG .5142 11 11
CTLG CTLGWI .5252 3 3I FTLG .6979 3 3I FTLGWI .6867 3 3I GPDN -.5219 3 12I MLBLG -.5084 3 4I LBLG -.5101 3 4I SMLG -.4500 3 2
CTTWI CTLGWI -.5284 10 3I CTWIWI .4958 10 9It FTTWI .4152 10 6I CTLGG .4058 10 12I MLLWI .4158 10 4I RLG .4344 10 8I SPALG -.5883 10 4
CTBWI CTWIWI -.8663 9 9I PPLG .4693 9 3
CTLGWI CTWIWI -.4103 3 9I FTLG .5176 3 3I FTLGWI .5331 3 3I PLG .4258 3 11I SPALG .4986 3 4
ULLG LLLG .8772 7 7
rocnCJl













ULLG PPLG -.5619 7 3 FTBWI SABLG -.4402 6 10II GLG .4056 7 1 II NLG .5719 6 1II MLLWI .5565 7 4 II NWI .6435 6 1II LBWI .4513 7 4 II NPDN .5311 6 2II ACLG .5085 7 1 FTLGWI PPLG .5018 3 3
LLLG PLG .4278 7 11 II ALG -.6473 3 3II PPLG -.4233 7 3 FTWIWI PPDN -.5291 6 6II MLLWI .5393 7 4 II CTLGG .4446 6 12II LBWI .4816 7 4 II SABLG .4350 6 10II FFLG .4127 7 10 II NLG -.7046 6 1II ACLG .4521 7 1 II NWI -, 6718 6 1II SPBLG .4370 7 1 II NPDN -.4253 6 2
ULLL FTWIWI -.5096 14 6 PLG GPDN -.4059 11 12
FTLG FTBWI -.4062 3 6 II SABLG .4156 11 10II FTLGWI .8766 3 3 PPLG GLG -.4467 3 1II PPLG .5693 3 3 II MLLLG -.4643 3 1II ALG -.7017 3 3 II ACLG -.5518 3 1
FTTWI FTBWI -.4547 6 6 II SMPDN .4188 3 8II FTLGWI -.4734 6 3 CTLGG GLG .4619 12 1II FTWIWI .6299 6 6 II GPDN -.4046 12 12II CTLGG .5276 6 12 II LBLG -.5921 12 4II SABLG .4815 6 10 It RLG .5573 12 8

















GLG MLLLG .9262 1 1 MLBLG SPALG -.4274 4 4I MLLWI .6010 1 4 MLBWI LBLG .4962 8 4I MLBWI .4596 1 8 I LBWI .4564 8 4I RLG .6394 1 8 I RLG .4843 8 8I ACLG .8072 1 1 I SMPDN .6492 8 8I SPBLG .6866 1 1 I SMPLG .4682 8 8I SABLG .4854 1 10 LBLG LBWI .6253 4 4I NLG -.5754 1 1 I SMLG .7430 4 2I NWI -.5698 1 1 I SMPDN .4880 4 8
MLLLG RLG .4302 1 8 I SPPDN .4697 4 2I ACLG .7725 1 1 I NPDN .6089 4 2I SPBLG .7368 1 1 I NPLG .5112 4 2I SABLG .5175 1 10 LBWI SPALG -.4573 4 4I NLG -.6271 1 1 FFLG RLG .5589 10 8I NWI -.6432 1 1 I ACLG .4633 10 1
MLLWI MLBLG .6211 4 4 I SPBLG .6247 10 1I MLBWI .6610 4 8 I SABLG .5987 10 10I LBWI .7922 4 4 I SPPLGG .4777 10 2I FFLG .4476 4 10 RLG ACLG .5684 8 1I RLG .5255 4 8 I SMPLG .6342 8 8I SPBLG .5655 4 1 ACLG SPBLG .6220 1 1
MLBLG MLBWI .6331 4 8 I SABLG .4402 1 10I LBLG .8404 4 4 I NLG -.4468 1 1I LBWI .8135 4 4 I NWI -.4316 1 1I SMLG .5195 4 2 ALG NLG .5806 3 1I SMPDN .5279 4 8 I NWI .6637 3 1
ro
>0










SMLG SPPDN .7048 2 2 SABLG NWI -.5531 10 1II SPADN .5717 2 2 SPPDN SPPLGG .5216 2 2II NPDN .6595 2 2 II SPADN .6304 2 2II NPLG .4887 2 2 II NPDN .7096 2 2
SMPDN SMPLG .4968 8 8 II NPLG .7572 2 2II SABLG .4495 8 10 SPPLGG SPADN .4776 2 2II GHLG -.4482 8 12 II SPALG .6127 2 4
SMPLG GHLG -.6023 8 12 SPADN NPDN .5179 2 2
SPBLG SABLG .7171 8 10 II NPLG ■ .5347 2 2II NLG -.4374 8 1 NLG NWI .9282 1 1II NWI -.4850 8 1 II NPLG .4165 1 2





COMPILED RESULTS FROM PRINCIPAL COMPONENT ANALYSIS 
FOR VEGETATIVE AND FLORAL CHARACTERS
For each species principal component analysis was conducted on the 
vegetative and floral characters. The paired characters presented 
have correlation coefficients greater than 0,40. Factor loadings for 
each character on an orthogonally rotated factor matrix are presented. 
A reference list of variable names for the characters is presented in 
Table 2.










IPDNA IPLGA .4919 4 4 SBLG SBWI .7969 3 3
II IPDNB .6122 4 4 II VBD .4257 3 6
II PGDN .4459 4 4 SBWI SBLGWI -.5468 3 3
IPLGA IPLGB .5507 4 1 BTPLG BTWI .5835 7 7
II POLG .4027 4 1 BTLG BTWI .5992 7 7
II LPULG .4175 4 1 LPUDN LPLDN .5357 1 4(1)II LPLDN .6282 4 4(1) LPULG LPLDN .4213 1 4(1)II LPLLG .4154 4 1 It LPLLG .7845 1 1II CPOLG .4146 4 1 II CPOLG .5862 1 1
IPLGB POLG .7461 1 1 LPLDN LPLLG .4804 4(1) 1II LPULG .6795 1 1 II CPOLG .4448 4(1) 4II LPLDN .5943 1 4(1) LPLLG CPOLG .7021 1 1II LPLLG .7736 1 1 II PPLG .6833 1 1It CPOLG .6885 1 1 II CTLGG .4249 1 2II PPLG .6710 1 1 LGFBP VBD .8444 6 6II CTLGG .4097 1 CPOLG PPLG .6168 1 1
PADN POLG .4156 1 CTLG CTTWI .4424 8 8
PGDN LPLDN .4013 4 4(1) CTTWI CTLGWI -.5379 8 11
POLG LPULG .6703 1 1 II CTWIWI .5097 8 12II LPLDN .5019 1 4(1) II ULLG .4168 8 8II LPLLG .7389 1 1 CTBWI CTWIWI -.6123 12 12
II PPLG .6438 1 1 CTLGWI CTWIWI -.4441 11 12
II CTLGG .4088 1 FTTWI FTLG .4738 5 5
SBPLG SBLG .6787 3 II FTLGWI -.5046 5 10II SBWI .6325 3 3 FTBWI FTWIWI -.8442 6 6II BTPLG .5093 3 7 PPLG CTLGG .4664 1 2
r\>
o
APPENDIX F— continued. Salvia regia.
Character pair Correlation
Factor
Loadings Character pair Correlation
Factor
Loadings
1 2 1 2 1 2 1 2
CTLGG GLG .4718 2 2 MLLLG ACLG .4896 2 2I MLLLG .4575 2 2 FFLG RLG .4535 2 2It FFLG .5240 2 2 I ACLG .4852 2 2I RLG .6215 2 2 I ALG .4173 2 2It ACLG .4966 2 2 RLG ACLG .7098 2 2ti ALG .5061 2 2 I ALG .6921 2 2I SPBLG .4805 2 2 I SPBLG .5035 2 2
GLG MLLLG .8041 2 2 I SABLG .4246 2 13I MLLWI .5299 2 2 ACLG ALG .5736 2 2I RLG .5687 2 2 ALG SPBLG .4216 2 2I ACLG .6043 2 2 SPBLG SABLG .7852 2 13
MLLLG MLLWI .6022 2 2 SPPLGG SPALG .7188 9 9I RLG .4904 2 2 NLG NWI .8763 5 5
ro"sj
APPENDIX F--continued. Salvia betulifolia
Character pair Correlation
Factor
Loadings Character pair Correlation
Factor
Loadings
1 2 1 2 1 2 1 2
HT IPLGA -.5652 5 10 PADN VBD .4452 8 2II IPDNB -.5536 5 12 II CTBWI .4706 8 1II FFLG .5745 5 5 II PPLG .4942 8 1(4)II SPALG .5141 5 2 PGDN BTPLG .5381 6 13II NLG .4553 5 5 II LGFBP .4363 6 7II NWI .4654 5 5 II FTBWI -.5127 6 6
II ELE -.7169 5 2 II FTWIWI .5781 6 6
IPDNA IPLGA .5538 10 10 II PLG .6757 6 1
IPLGA IPLGB .5361 10 11 II GLG .5242 6 1II PADN .4208 10 8 11 GPDN -.5558 6 1(6)II BTPLG -.5612 10 13 II RLG .4235 6 1II CTBWI .4481 10 1 II ACLG .4202 6 1II FFLG -.4690 10 5 SBPLG SBLG .5907 4 4
. II ELE .4759 10 2 II SBWI .6276 4 4
IPDNB MLLWI .4032 12 1 II SBLGWI -.4512 4 11II ELE .5821 12 2 II BTLG -.4767 4 8
IPLGB PADN .4009 11 8 II LPLLG .4011 4 4II SBLGWI -.5951 11 11 II CPODN .4459 4 4II LPLLG .6973 11 4 II PPDN .5637 4 4II GPLG .5247 11 1(2) SBLG SBWI .8891 4 4II MLLWI .4735 11 1 II SBLGWI -.4222 4 11II SPPDN .4591 11 2 II BTLGWI -.4024 4 3II SPPLGG .4638 11 2 II LPLLG .6420 4 4
PADN SBPLG .5104 8 4 II PPDN .6150 4 4II SBLGWI -.4371 8 11 SBWI SBLGWI -.7214 4 11II BTLG -.4176 8 8 II BTLGWI -.4235 4 3II BTLGWI -.4046 8 3 II LPLLG .7299 4 4II LPLDN .4395 8 8(6) II PPDN .4765 4 4
ro•vjro










SBWI PPLG .4664 4 1(4) BTLGWI PPDN -.5640 3 4
SBLGWI LPLLG -.6035 11 4 LPUDN FTWIWI .4139 12 6II PPLG -.4651 11 1(4) LPULG LGFBP -.5082 7 7II CTLGG -.4540 11 1 II CPOLG .5606 7 7II GLG .4296 11 1 LPLDN CPODN .4978 8(6) 4II MLLLG -.4116 11 1 LPLLG PPLG .6218 4 1(4)II MLLWI -.5321 11 1 LGFBP CPOLG -.5026 7 7II ELE -.4089 11 2 It CTTWI .6236 7 1
BTPLG FTBWI -.4873 13 6 It CTLGWI -.4155 7 3II FTWIWI .5216 13 6 II CTWIWI .4332 7 14II PLG .4019 13 1 II FTTWI .4775 7 3
BTLG BTWI .8267 8 8 II FTWIWI .4332 7 6II LPLDN -.4823 8 8(6) II PLG .4068 7 1II CTLGG -.4595 8 1 II GLG .4908 7 1II SPPDN .6710 8 2 II MLLWI .4067 7 1II SPPLGG .5017 8 2 II FFLG .4192 7 5
BTWI BTLGWI -.4020 8 3 II RLG .5268 7 1II VBD .4614 8 2 II ACLG .4858 7 1II SPPDN .6409 8 2 II ALG .4839 7 1II SPPLGG .5558 8 2 II SPPDN -.4252 7 2II ELE -.4213 8 2 II SPPLGG -.4097 7 2
BTLGWI LPLLG -.4834 3 4 VBD CTLGG -.4384 2 1II BCLGWI -.4238 3 3 II GPLG .5221 2 1(2)II CTLGWI .5500 3 3 II MLLLG .4083 2 1II CTWIWI -.4012 3 14 II ALG .5012 2 1II FTLG .4432 3 9 II SPBLG .4179 2 9It FTTWI -.6141 3 3 II SPPDN .6190 2 2II FTLGWI .8379 3 3 II SPPLGG .6328 2 2 ro
w










VBD SPALG .6572 2 2 CTTWI GPLG .4059 1 1(2)
II ELE -.4015 2 2 II MLLLG .6163 1 1
BCLGWI CTLG -.4008 3 1 II MLLWI .7228 1 1
II CTLGWI -.4766 3 3 II RLG .6125 1 1
II FTLGWI -.4853 II ACLG .5826 1 1
II SMPDN -.4740 3 13 " ALG .6474 1 1
II SPALG .4108 II SABLG .4571 1 1
CPOLG PPLG .4561 1(4) CTBWI PLG .4581 1 1
II MLLLG -.6361 7 1 II PPLG .5791 1 1(4)
II ALG -.4291 7 1 II CTLGG .4582 1 1
CTLG CTTWI .5999 1 1 II GLG .5725 1 1
II CTBWI .6686 1 1 It GPLG .5578 1 1(2)
II PLG .5012 1 1 II MLLWI .6438 1 1
II PPLG .4941 1 1(4) II RLG .5561 1 1
II CTLGG .6669 1 1 II ACLG .4509 1 1
II GLG .7039 1 1 CTLGWI CTWIWI -.6294 14
II MLLLG .4030 1 1 II FTTWI -.4175
II MLLWI .6235 1 1 II FTLGWI .6100 3 3
II RLG .5468 1 1 II ALG -.4470 3 1
II ACLG .5612 1 1 CTWIWI ULLG .4343 13 9
II SABLG .4646 1 1 II FTTWI .4807 13 3
CTTWI CTBWI .4965 1 1 II FTLGWI -.4089 13 3
II CTLGWI -.5820 1 3 II ALG .4270 13 1
II CTWIWI .6147 1 14 ULLG GLG .4898 9 1
II ULLG .4555 1 II ALG .5083 9 1
II FTTWI .5783 1 3 FTLG CTLGG .4179 9 1
II FTLGWI -.4014 1 II MLLLG .4425 9 1
II GLG .7472 1 1 II ACLG .5073 9 1
actor
ro













FTLG SPBLG .6041 9 9 CTLGG CPODN -.4418 1 4I NWI .4011 9 5 I MLLWI .5121 1 1I ELE .4779 9 2 I RLG .5069 1 1
FTTWI FTLGWI -.6845 3 3 I ACLG .5171 1 1I FTWIWI .5301 3 6 I SABLG .4958 1 1I PPDN .4132 3 4 I SPPDN -.4588 1 2II GLG .4285 3 1 I SPPLGG -.4556 1 2I MLLWI .5138 3 1 It SPALG -.6459 1 2I ACLG .5921 3 1 I ELE .4794 1 2I ALG .5658 3 1 GLG GPDN -.4606 1 1(6)I SMPDN -.4803 3 13 I GPLG .4615 1 1(2)
FTBWI FTWIWI -.8344 6 6 It MLLLG .7406 1 1I GPDN .4691 6 1(6) I MLLWI .6704 1 1
FTLGWI PPDN -.5587 3 4 I RLG .6832 1 1
FTWIWI PLG .4087 6 1 I ACLG .7027 1 1I GPDN -.5015 6 1(6) I ALG .7881 1 1I ACLG .4940 6 1 GPDN RLG -.5882 1(6) 1I SMPDN -.4136 6 13 I ACLG -.5430 1(6) 1
PLG PPLG .6994 1 1(4) GPLG MLLWI -.4155 1(2) 1I CTLGG .5814 1 1 I RLG .4390 1(2) 1I GLG .5707 1 1 I ALG .4439 1(2) 1I GPDN -.7336 1 1(6) I SPPDN .4101 1(2) 2I GPLG .4628 1 1(2) I SPPLGG .5726 1(2) 2I MLLWI .4803 1 1 MLLLG MLLWI .5374 1 1I RLG .6189 1 1 I RLG .5997 1 1I ACLG .5882 1 1 I ACLG .5183 1 1
PPLG CTLGG .5872 1(4) 1 I ALG .7200 1 1I GPLG .5225 1(4) 1(2) I SPBLG .4402 1 1 ro'Vi
tn










MLLWI RLG .6423 1 1 ACLG ALG .5141 1 1
II ACLG .6227 1 1 II SPBLG .4857 1 9
II ALG .4575 1 1 II SABLG .4979 1 1
II SABLG .5120 1 1 SPBLG SABLG .5440 9 1
II ELE .4946 1 2 SABLG NLG .4585 1 5
FFLG SABLG .4858 5 1 II NWI .5148 1 5
II NLG .4858 5 5 SPPDN SPPLGG .8759 2 2
II NWI .7667 5 5 II SPALG .4714 2 2
RLG ACLG .8031 1 1 SPPLGG SPALG .6874 2 2
II ALG .4978 1 1 II ELE -.4790 2 2
II SPBLG ,4639 1 9 SPALG ELE -.6332 2 2
It SABLG .6728 1 1 NLG NWI .8845 5 5
ro










HT NPDN -.4557 16 16 CTTWI CTLGWI -.7280 12 12
IPDNA IPDNB .8743 6 6 It CTWIWI .4159 12 12
II PPLG -.4356 6 7 II ULLG .4253 12 19
IPLGA IPLGB .9932 7 7 CTBWI CTWIWI -.5374 17 17
II LPLLG .4154 7 5 FTLG FTLGWI .5041 14 9
II CPOLG .4320 7 15 It SPPDN -.4151 14 11
It PPLG .4428 7 7 FTTWI FTLGWI -.6974 9 9
IPDNB PODN .4325 6 6 FTBWI FTWIWI -.8187 2 2
II SPPLGG .4347 6 6 II SMPDN .5643 2 2
IPLGB LPLLG .4010 7 5 II SPPDN .4176 2 11
II CPOLG .4235 7 15 FTWIWI SMPDN .4810 2 2
II PPLG .4725 7 7 CTLGG FFLG .4109 1 1
PADN PODN .8586 6 6 II RLG .4714 1 1
PGDN FTLGWI .4110 6 9 GLG MLLLG .8518 1 1
SPBLG SBLG .7144 4 4 II RLG .5161 1 1
II SBWI .6940 4 4 It ACLG .4961 1 1
SBLG SBWI .7781 4 4 MLLLG FFLG .4007 1 1
BTPLG BTLG .7086 3 3 II RLG .5160 1 1
II BTWI .7549 3 3 II ACLG .4159 1 1
BTWI BTLGWI -.6831 3 3 FFLG RLG .5710 1 1
LPUDN LPLDN .6103 5 5 RLG ACLG .6840 1 1
LPULG LPLLG .5219 5 5 ALG SMPDN .4836 11 2
LPLDN LPLLG .5010 5 5 SMPDN SPPDN .4503 11
II GLG -.4056 5 1 SPBLG SABLG .7016 13 13
LGFBP VBD .7853 10 10 SPPDN SPALG .4072 11 11
CPODN RLG -.4826 15 1 NLG NWI .9441 8 8
CTLG CTTWI .4155 14 12
ro■vj













HT IPLGA -.4191 10 10 IPLGA PPLG .5180 10 2M SBWI -.4596 10 4 II SABLG .5491 10 1II FTLG .4024 10 2 II SPPLGG .4892 10 3II PPDN -.5250 10 10 II ELE -.4013 10 3
IPDNA IPDNB .9621 1 1 IPDNB PADN .8217 1 1II PADN .9454 1 1 II PODN .6598 1 1II PODN .7690 1 1 II BTLGWI .4152 1 6II BTLG .4162 1 3 II CTTWI -.4713 1 5II BTLGWI .5094 1 II MLLLG .4317 1 1II LPLDN .4575 1 7 II ALG -.6991 1 1II LPLLG .5363 1 7 II SABLG .4576 1 1II CTTWI -.4264 1 II NLG -.7573 1 1II MLLLG .4060 1 1 II NWI -.7462 1 1II SABLG .5313 1 1 IPLGB POLG .6500 10 2II NLG -.7094 1 1 II BTPLG .4403 10 6II NWI -.7772 1 1 II BTLG .5548 10 3
IPLGA IPLGB .9856 10 10 II BTWI .5646 10 3II POLG .6799 10 2 II LPLLG .5614 10 7II BTPLG .4605 10 6 II VBD .5543 10 13II BTLG .6127 10 3 II CPOLG .4099 10 7II BTWI .5857 10 3 II CTBWI .4003 10 11II LPLLG .6495 10 7 II PPLG .5136 10 2II VBD .5692 10 13 II SABLG .4744 10 1II CPOLG .4451 10 7 II SPPLGG .4649 10 3It CTBWI .4007 10 11 PADN PODN .8235 1 1II CTWIWI -.4248 10 11 II BTLG .4927 1 3II FTLG .4324 10 2 II BTLGWI .5711 1 6
roVJ00













PADN LPLDN .5259 1 7 SBLG SBWI .7956 4 4II LPLLG .6693 1 7 II LGFBP .4131 4 13II ALG -.6767 1 1 II PPLG .4307 4 2II SABLG .5403 1 1 II ALG -.4419 4 1II NLG -.5668 1 1 SBWI GLG -.4012 4 1II NWI -.7216 1 1 II RLG -.4182 4 5
PODN BTLG .4008 1 3 II SPALG -.4749 4 4II LPLDN .4907 1 7 SBLGWI CTLG .4687 2 2II LPLLG .5227 1 7 BTPLG BTLG .5475 6 3II CPOLG .4599 1 7 II BTWI .7687 6 3II SPPLGG .4050 1 3 II VBD .6166 6 13II SPALG .4053 1 4 II CTLG .4207 6 2II NLG -.4016 1 1 II CTBWI .4138 6 11II NWI -.4685 1 1 II CTLGWI .5264 6 2
POLG LPLDN .4700 2 7 II CTWIWI -.4773 6 11II LPLLG .5982 2 7 II ULLG -.4165 6 6II LGFBP .4236 2 13 II PLG .5482 6 8II VBD .5759 2 13 II PPLG .4697 6 2II FTLG .5163 2 2 II GPDN .5037 6 5II FTLGWI .4860 2 2 II MLLWI -.6474 6 6II PPLG .6676 2 2 II ELE -.4379 6 3II ALG -.5448 2 1 BTLG BTWI .8512 3 3
SBPLG SBLG .7188 4 4 II LPLLG .4323 3 7II SBWI .8553 4 4 II VBD .4996 3 13II PPDN .4057 4 7 II CTLG .4468 3 2II RLG -.4831 4 5 II CTLGWI .4500 3 2II SPALG -.4277 4 4 II PLG .5647 3 8
ro
'N lVO













BTLG FFLG .4491 3 3 LPLLG CPOLG .4859 7 7II SABLG .6030 3 1 II ALG -.4856 7 1II SPPLGG .4601 3 3 II SPPDN .5244 7 7II SPALG .4752 3 4 LGFBP VBD .7054 13 13II ELE -.7435 3 3 II FTLG .4971 13 2
BTWI LPULG .5148 3 3 VBD FTLG .5631 13 2II VBD .5931 3 13 II ALG -.4856 13 1II CTLGWI .4441 3 2 BCLGWI FTLG .4191 3 2II PLG .5074 3 8 II FTLGWI .4986 3 2II MLLWI -.4472 3 6 II FFLG -.5774 3 3II SABLG .4236 3 1 CPODN GPLG .4157 14 14II SPALG .4622 3 4 CPOLG CTWIWI -.4055 7 11II ELE -.6649 3 3 II SPPDN .4543 7 7
BTLGWI MLLWI .4029 6 6 II SPPLGG .5117 7 3II NLG -.4142 6 1 CTLG CTLGWI .5252 2 2II NWI -.5678 6 1 II FTLG .6979 2 2
LPUDN LPLDN .5885 7 7 II FTLGWI .6867 2 2II CTLG -.4958 7 2 II GPDN -.5290 2 5II FTBWI .4619 7 9 II ELE -.4344 2 3II GPDN .5629 7 5 CTTWI CTLGWI -.5284 5 2
LPULG BCLGWI -.5063 3 3 II CTWIWI .4958 5 11II FFLG .4222 3 II FTTWI .4152 5 9II ELE -.4043 3 3 II CTLGG .4058 5 5
LPLDN LPLLG .5029 7 7 II MLLWI .4158 5 6II CPOLG .5202 7 7 II RLG .4344 5 5II PPLG .4163 7 2 II SPALG -.5883 5 4II ALG -.4063 7 1 CTBWI CTWIWI -.8663 11 11
IN3
COO













CTBWI PPLG .4693 11 2 FTLGWI PPLG .5018 2 2
CTLGWI CTWIWI -.4103 2 11 II ALG -.6473 2 1
II FTLG .5176 2 2 FTWIWI PPDN -.5303 9 10
II FTLGWI .5331 2 2 II CTLGG .4446 9 5
II PLG .4258 2 8 II SABLG .4350 9 1
II SPALG .4986 2 4 II NLG -.7046 9 1
II ELE -.5982 2 3 II NWI -.6718 9 1
CTWIWI RLG .4722 11 5 PLG SABLG .4156 8 1
ULLG PPLG -.5619 6 2 II ELE -.5839 8 3
II GLG .4056 6 1 PPLG GLG -.4467 2 1
II MLLWI .5565 6 6 It MLLLG -.4643 2 1
II ACLG .5085 6 5 II ACLG -.5518 2 5
FTLG FTBWI -.4062 2 9 II SMPDN .4188 2 12
II FTLGWI .8766 2 2 CTLGG GLG .4619 5 1
II PPLG .5693 2 2 II GPDN -.4640 5 5
II ALG .7017 2 1 II RLG .5573 5 5
FTTWI FTBWI -.4547 9 9 II ACLG .7374 5 5
II FTLGWI -.4734 9 2 GLG MLLLG .9262 1 1
II FTWIWI .6299 9 9 II MLLWI .6010 1 6
It CTLGG .5276 9 5 II RLG .6394 1 5II SABLG .4815 9 1 II ACLG .8072 1 5
FTBWI FTWIWI .8521 9 9 II SPBLG .6866 1 12
II PPDN .4001 9 10 II SABLG .4854 1 1
II CTLGG -.5020 9 5 II NLG -.5754 1 1
II SABLG -.4402 9 1 II NWI -.5698 1 1
II NLG .5719 9 1 MLLLG RLG .4302 1 5II NWI .6435 9 1 II ACLG .7725 1 5
ro00










MLLLG SPBLG .7368 1 12 ACLG NWI -.4316 5 1II SABLG .5175 1 1 ALG NLG . .5806 1 1II NLG -.6271 1 1 II NWI .6637 1 1II NIW -.6432 1 1 SMPDN SABLG .4495 12 1
MLLWI FFLG .4476 6 3 SPBLG SABLG .7171 12 1II RLG .5255 6 5 II NLG -.4374 12 1II SPBLG .5655 6 12 II NWI -.4850 12 1
FFLG RLG .5589 6 5 SABLG NLG -.4686 1 1II ACLG .4633 6 5 II NWI -.5531 1 1II SPBLG .6247 6 12 II ELE -.4056 1 3II SABLG .5987 6 1 SPPDN SPPLGG .4869 7 3II SPPLGG .4777 6 3 SPPLGG SPALG .6127 3 4
RLG ACLG .5684 5 5 II ELE -.4233 3 3




VOUCHER SPECIMENS FOR CHROMOSOME COUNTS
SPECIES COLLECTION LOCALITY MEîüTIC COUNT
5. r e g Î A P E T E R S Q H  ET Ai. 672 U.S. ; lE X A E N = 11 jj
PETERSON ET AL. 820 MX: OAXACA N = 1 i I X
PETERSON ET AL. 638 MX: HIDALGO N = I 1 I X
S . s e s s e i PETERSON ET AL. 775 MX: MEXICO N = 1 1 % I
PETERSON ET AL. 779 MX: GUERRERO N = 1 1 X X
PETERSON ET AL. 795 MX: MORELOS N = 1 1 X X
S. b e t u l i f o l i a PETERSON ET AL. 850 MX: CHIHUAHUA N = 22,,
S, p u b e s c e n s PETERSON ET AL. 797 MX: OAXACA N = 18,,
PETERSON ET AL. 825 MX : OAXACA N = 2 2 t
APPENDIX H 
GUARD CELL LENGTH MEASUREMENTS (urn)
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POP.# LENGTH POP.# LENGTH
S, regia S. p u b e s c e n s
00021 4 5 6 5 6 5 6 6 7 7 00796 7 8 8 6 6 6 6 7 6 7
00672 5 6 6 6 6 6 5 6 6 6 00797 6 6 6 6 5 6 6 6 7 5
00687 6 9 5 5 4 5 6 5 6 5 00825 7 8 6 7 7 9 8 7 7 6
00696 7 6 7 6 6 5 7 6 6 6 00828 6 6 7 7 7 6 7 7 6 6
00820 6 6 6 7 6 7 6 6 7 8 01470 7 7 7 6 9 9 7 6 8 7
00838 6 6 7 5 7 *7 6 7 5 7 01521 5 6 7 8 6 7 6 7 6 6
00842 5 5 7 5 5 5 5 5 6 6 02091 6 6 8 6 6 5 7 7 5 6
00844 7 5 4 7 5 5 7 6 7 7 04960 6 6 7 7 8 6 6 6 7 6
01690 7 7 4 6 6 5 5 7 5 6 05395 7 7 7 7 6 7 7 6 7 8
02165 4 6 7 6 6 5 6 5 7 6 13683 9 7 8 9 7 8 7 8 3 6
S, b e t u l i f o l i a S. sessei
00404 9 6 8 5 7 6 8 8 6 5 00749 4 5 5 4 5 3 4 4 3 3
00477 7 8 6 7 8 7 9 7 7 7 00750 5 6 5 6 6 7 6 6 6 6
00705 4 6 5 6 6 7 6 6 8 6 00751 5 4 5 6 3 4 4 5 4 5
00709 5 6 4 4 4 6 4 5 6 4 00766 4 3 5 4 4 7 5 4 5 4
00710 7 6 6 7 6 6 7 7 7 7 00769 4 5 4 4 5 5 5 4 5 4
00672 7 6 7 9 6 8 9 5 6 8 00776 5 4 4 4 5 5 5 4 4 5
03020 8 7 8 8 5 6 4 5 5 7 00779 4 5 5 7 5 5 7 5 4 5
04663 7 6 8 6 5 7 6 7 7 6 00786 3 5 4 5 3 3 4 3 3 4
09623 6 5 7 6 7 7 7 5 7 7 00788 4 4 3 4 3 4 4 4 3 4




Ail measurements are in millimeters. POP.# = Population number, 
EQ.W = Equatorial width, EQ.L = Equatorial length, PO.W = Polar width, 
PD.L = Polar length. ’
POP.# EQ.W EQ.L PO.W PO.L POP. # EQ.W EQ.L PO. W PO.s. reqla
22
Ô . pubezcenj
00672 18 19 21 00796 17 21 13 2000672 19 21 19 21 00796 16 19 13 2000672 18 21 18 21 00796 18 20 17 1900672 19 22 IS 20 00796 17 20 18 2000672 18 21 17 20 00796 16 20 17 2000687 16 20 16 19 00797 19 21 13 2000687 16 19 16 19 00797 19 21 19 2000687 16 20 16 20 00797 18 21 13 2000687 16 19 16 19 00797 17 20 17 20
00687 16 19 16 18 00797 16 20 16 20
00820 18 22 19 22 00825 18 21 20 21
00820 17 21 17 20 00825 19 21 19 22
00620 15 21 16 18 00825 19 22 20 22
00820 16 21 17 20 00925 18 22 19 22
00820 17 20 IB 20 00825 20 22 20 23
00844 16 21 16 20 00828 16 20 17 20
00844 16 21 17 21 00828 15 19 18 22
00844 18 21 18 22 00828 16 21 16 20
00844 16 20 18 21 00828 18 22 16 20
00844 17 22 19 21 00828 17 22 17 20
00838 16 20 17 19 14382 16 20 16 21
00838 17 20 17 20 14382 17 21 16 19
00838 17 21 17 19 14382 16 20 17 21
00838 16 20 18 20 14382 17 21 17 20
00838 17 21 17 20 14382 17 20 17 21
S. betulifolia S . sessei
00703 15 19 15 17 00750 18 21 17 20
00 703 14 13 15 17 00750 17 21 18 20
00703 14 18 15 IB 00750 17 21 17 19
00703 14 17 16 17 00750 17 20 13 21
00703 15 18 15 18 00750 17 20 17 19
00709 19 22 19 23 00775 17 19 17 19
00709 18 22 19 23 00755 16 19 16 19
00709 19 23 19 22 00755 16 19 17 19
00709 18 21 19 23 00755 16 19 17 19
00709 19 22 19 22 00775 16 19 16 19
00710 19 22 17 21 00779 18 21 17 20
00710 18 21 19 21 00779 18 20 17 20
00710 18 21 18 21 00779 18 21 17 20
00710 17 21 19 22 00779 18 21 18 21
00710 18 22 19 21 00779 19 22 18 21
00787 15 19 16 19 00794 15 18 16 18
07878 16 20 16 20 00794 15 18 16 18
07878 16 20 16 20 00794 14 17 16 18
07878 16 19 16 19 00794 16 19 16 18
07878 16 20 16 19 00794 15 19 16 17
22855 15 17 16 19 00766 15 18 16 18
22858 17 20 16 18 00766 15 19 15 17
22855 15 19 15 18 00766 15 17 15 17
22855 17 19 16 19 00766 15 18 15 17




Sâii/ia I i b BT) en s i s ftusby
COLOMBIA: MA8DELENA: Sierra Nevada de Santa Marta, entre San
Pedro y dabeceras del Rio Sevilla, ca. 2600 m, 31 Jan 1959, 
B a r c l a y & J u a j i b i o y  6 7 9 8 (MO); foothills of the Sierra Nevada de 
Santa Marta, above Minca., Los Cumbres, 2000 m, 26 Feb 1949, 
H a N k e s  569 (US); Sierra del Libano, Santa Marta, ca. 6000 ft, Mar 
1896— 1901 Saitfi 1 3 8 0 (LECTOTYPE: NY, BM, GH, K, MO, NY, US) .
Sâii/ia s e s s e i Benth.
MEXICO: without location, La i o f  5 7 , A (K); without location,
S h e i s b r e g h t  s . d . (NY); without location, H a e n k e  1791 (F); pi antae 
Novae Hi sp an i ae, 1787--1795— 1804, Sesséf Hociffo, C a s t i l l o &
H a 1 don ado 21 7 ( F , MA); S e sséf H o d  fïo r C a s t i l l o & Hal don ado 192 
( F , MA); S e s s é f  Hocitfo f C a s t i l l o & Hal don ado 170 (F, MA); without 
location, without date, P a r k i n s o n  s.n, (K) ; without location, 
1838, V i r c h e r  154 (NY); without location, without collector,
(OX); GUERRERO: environs of Taxco, 1700 m, 20 Jan 1936, A b b o t t
52 (GH); 12 mi by road W of Chi1pancingo, on road to Omiltemi, 
1975 m, 5 Dec 1966, A n d e r s o n & i a s k o N s k i  4391 (GH, NY);
Tax co-Cuernavaca Kwy. , 24 Jan 1955, C a r l s o n ,  311 3 (F , LL); along 
main road about 10 mi N of Taxco, 6 Sept 1959, D e g n e r  2 6313 (NY); 
Mina, Zirandaro Ojo de Agua, 1360 m , 16 Oct 1936, H i n t o n 9702 (F , 
K , LA in UC, MO, NY); Mina, Rio Frio, 1300 m , 21 Nov 1936, Hinton
ZD /
9673 (F, GH, K , MO, NY); Mina, Campo Moradc, 1260 m, 29 Dec 1937, 
H i n t o n  1 Î 1 5 0 (F, GH, K , MO, NY); along Cuernavaca.-Taxco Rd. 
about 10 mi from Taxco, 5399 ft, 19 Aug 1935, H a c D a n i e l s  106 (F); 
between Taxco and TehuiIotepex, Oct 1942, H a r t i n e z s.n. (GH); 
Mina, Sierra Madré del Sur, Petlacala, 1850 m, 15 Dec 1937, He x i a
89 55 (F, GH, LA in UC, LL, MO, NY); in loose granitic cliffs 3 mi
N of Taxco, 21 Aug 1947, P a x s o n ,  H e s t l u n d  & SarJtiey 399 (LA in 
UC, TEX), along Mex. Hwy. 15 between Taxco and Iguala, 3.4 mi S 
of Taxco, on steep E-facing roadcuts and banks, 1620 m , 16 Oct 
1982, P e t e r s o D f  S t r a c h a n & A h l e n s l a g e r  776 (MQNTU); along Mex. 
Hwy. 15 between Taxco and Iguala, 17.0 mi S of Taxco, 16 Oct 
1982, Petersojif S t r a c h a n & A h l e n s l a g e r  773 (MONTU) ; along the 
road between Milpillas and Atoyac 6.8 ml SW of Xochipala, 13.9 mi 
SW of junction with Hwy, 95, that junction ca. 2.0 mi N of
Milpillas, on E-facing steep-sided slopes, 1660 m, 16 Oct 1982,
P e t e r s o n ,  S t r a c h a n  & A h l e n s l a g e r  779 (MONTU); along Mex. Hwy. 95 
between Taxco and Cuernavaca., 14.8 mi NE of Taxco, 0.9 mi SW of 
Acuitlapân, SW-facing si opes on limestone; ca. 1630 m , 19 Oct 
1962, P e t e r s o n ,  S t r a c h a n & A h l e n s l a g e r  736 (MONTU); Apaxtla, Sept 
1926, Pe k o  5 0 0 4 (GH); along Mex. Hwy. 55, 2.3 mi E of El Magote, 
ca. 23.5 mi N of Taxco, 14 Oct 1975, )?ei/eai & H a r l e y  4165 (NY, 
TEX); 6 km al N de Taxco, sobre la carretera A Amacuz ac, 1750 m, 
21 Oct 1965, R z e d o n s k i  2 1 5 0 9 (TEX); Chiipaneingo, 2 km al SW de 
Amojileca, 1700 m, 3 Dec 1966, R z e d o u s k i  2 3 5 5 4 (MSC); very dry 
roadside slope above Acuitlapân near Taxco, 5000 ft, 18 Oct 1944, 
S h a r p  4 4 1 3 4 3  (GH); shelf of bluff W of Chi1 pane 1ngo, 6000 ft, 21
288
Oct 1944, 3/iarp 4 4 1 4 0 5 (GH, LA in UC, NY); ca. 15 mi SE of 
Tonatico, ca. 18° 42'N, 99°35'W, 47ÜÛ--4800 ft, 3 Nov 1970,
tiedster & B r e c k o n  1 6 1 9 9 (MO, TEX); JALISCO; on road from
Chiquilistàn to 0jo de Aqua, 5.6 mi NW of Chiqui Iistan, 5120 ft,
7 Nov 1975, P e t e r s o n  6 firotue 4 20 (MONTU); MEXICO: along road
between Toluca, and Temascaltepee. Hex. Hwy. 130, 1.5 mi NE of 
Temascaltepee, 1660 m, 11 Oct 1966, A n d e r s o n & L a s k o » s k i  3938 
(BH, NY); Ixtapân de la Sal, 4 Feb 1952, C o n d i t  s.n. (LA in UC);
2.1 mi E of the town of Temascaltepee, along roadside, 6 Jan
1972, G a i l i a n 4 L eake 93S (MO); camino de Tonatico-Ixtapân, 1600 
m , 1 Sept 1966, Garcia s,n, (M5C); Coatepec Marinas, Rancho Santo 
Tobias near Villa Guerrero, 26 Feb 1943, G illy & S i a p s o n  37 
(MSC); Coatepec Marinas, Rancho Santo Tobias near Villa Guerrero, 
19 Nov 1943, Giiiy S3 (MO, MSC); Inter Tuxpan et Angangueo, 1840, 
H a r t n e g 373 (K, NY); Temascaltepee, San José, 3 Feb 1932, H i nton 
3 3 4 (K, LA in UC); Cumbre de Tejupilco, 2000 m, 9 Dec 1932,
H i n t o n  1539 (GH, K , LA in UC, MO); Temasealtepee, Puerto 
Soiitilre, 1300 m, 20 Sept 1932, H i n t o n  1788 (GH, K, NY);
Temascaltepee, 1750 m , 14 Oct 1932, H i n t o n  2073 (GH, K , LA in UC, 
NY); Cerca de Tenancingo, Dee 1938, H a r t i n e z  s.n, (GH); Sto. 
Tomas, 1100 m, H a t u d a  2 7 , 1 2 2 (LA in UC); km 29, eamino 
Alquisiras—Zaeualpàn, 1850 m, Hatuda 33633 (LL); along Hex. Hwy. 
51, Sto. Valle de Bravo, 3.6 mi N of Valle de Bravo, 2000 m, 14 
Oct 1982, P e t e r s o n , Sfrachan & A h l e n s l a g e r  775 (MONTU);
MICHOACAN: 3 mi N of Tuxpan, SE of Ciudad Hidalgo, 6000 ft.
Sates, B l a n c h a r d  4 Fryxeii 1 6 4 4 3 (TEX); Coalcoman, S.
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Torricillas, 1800 m, 21 Dec 1938, H i n t o n  12 3 Î 2 (F, GH, K, LA in 
UC, LL, MO, NY); Zitâcuaro-Laurelles, 1400 m, 20 Jul 1938, H i n t o n  
Î 3 0 Z 2 (GH, K, LL, MG, NY, TEX); Zitàcuaro-Coyoté, 1840 m , 25 Aug 
1938, Hinton Î 3 Î 6 0 (GH, K, LA in UC, LL, MO, NY, TEX); 8 mi N of 
Zitâcuara, J o n e s 23247 (MO); sparsely forested slopes of Cerro 
Potrerillos, ca. 5 mi N of Cotija and 22 mi S of Jiquiipân,
6000 —  6200 ft, 5— 9 Oct 1961, King & S o d e r s t r o K  46 4 5 (NY, TEX, 
US); along Mex. Hwy. 4 near ZitAcuaro, 6300 ft, 29 Aug 1941, 
Leayenworfh Î9 Î 7 (F , MO); Zitâcuaro, 24 Dec 1939, H o r r o » s .n. 
(TEX); along the road between Jaripoc and Los Reyes, 8.1 mi NW of 
junction between that road and the one to Jacona, in fence row 
thichet on B side of road, ca. 1640 m, 10 Oct 1932, P e t e r s o n ^  
S t r a c h a n  & Ah lens lager 75G (MONTU); hillside adjacent to road to 
Cotija, 1.6 mi NW of junction to Jaripo, E-facing slope, 1660 m , 
10 Oct 1982, Peterson, Strachan & A h l e n s l a g e r  751 (MONTU); along 
the road between Jacona and Los Reyes, ca 32.5 km S of Jacona and 
just N of the sign for town of Guascaro and railroad track, in 
volcanic soil next to culverts, 1780 m, 10 Oct 1982, P e t e r s o n ^  
S t r a c h a n  & /I/iJensiager 752 (MONTU); along the dirt road to 
Agostitlan 4.7 mi S of junction with Mex. Hwy. 15 just E of 
Tuxpan on slopes of ravines and crowded fence row thickets, ca. 
2000 m , 14 Oct 1982, Peterson, S t r a c h a n & A h l e n s l a g e r  766 
(MONTU); just W of the junction between Mex. Hwy. 15 and the road 
to San Juan de Peria, ca. 10 mi E of Tuxpan, fence row on SW side 
of road, 2000 m, 14 Oct 1982, Peterson, S t r a c h a n & dhJensiager 
7 63 (MONTU); along Mex. Hwy. 15 at Puerto del Gato just N of
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Zitàcuaro on hillside adjacent to town garbage dump, ca. 1925 m , 
14 Oct 1982, P e t e r s o n ,  S t r a c h a n & dhlensiager 769 (MONTU); along 
Mex, Hwy, 15 between Morelia and Toluca, ca. 15 mi E of Hidalgo 
and 11 mi W of Zitâcuaro on gentle slopes associated with 
scattered shrubs, 1 Oct 1975, R e v e a l & Harley 4 1 5 3 (NY, TEX); 
near Tuxpan, 5800 ft, 2 Nov 1963, R i p l e y  é S a r n e b y  1 3 4 0 0 (NY); 
MORELOS: barranca prés Cuernavaca, Dept., Iturbide México, 14
Nov 1865, Sourgeau 1 2 3 7 (K); Cuernavaca, Iturbide, 14 Nov 1865, 
Bourgeau 12 3 8 (GH); 13 km al ESE de Cuernavaca, sobre la 
carretera a Cuautla, 1460 m , 20 Aug 1967, C r e s p o 63 (MSC); 
barranca al E de Cuernavaca, 1700 m , 6 Nov 1967, C r e s p o  194 (F); 
Alrededores de Tepoztlân, 1900 m , 10 Nov 1967, C r e s p o  232 (LL, 
MSC); CaMon de Lobos, a la altura del km 20 de la carretera 
Cuernavaca-Cuat1 a , 1320 m, 18 Dec 1967, C r e s p o  240 (LL, MSC); 
Jiutepec, Amador Salazar, Cahon de Lobos, 1500 m, 25 Oct 1970, 
D i a z  2 0 4 (TEX) E of Cuernavaca, Hwy. 138, 7.6 mi W of Yautepec, 2 
Jan 1972, Du n n & Dunn 1 8 6 3 4 (MO); CaMon del Lobo, 1800 m, 15 Jan 
1932, F r & d e r s t r o M  St H u l t é n  191 (NY); Cuernavaca, 25 Sept 1396, 
H o i n a y  50 4 (NY); Tepoztlân, 13 Nov 1958, Jones 23 2 4 6 (MO); 
Cuernavaca, 9 Nov 1937, K e n y o e r  569 (F, MO); km 15 of Hwy.,
Yuatepec-Cuernavaca road, 2 Oct 1943, Lundeii & tun de 11 12 49 7
(LL, NY); on mountainside in Cahon de Lobos, km 19 of Hwy,,
Yuatepec-Cuernavaca road, 2 Oct 1943, Lu n d e l l & L u n d e l l  12 5 1 4
(LL, US); Malpais, El T e z c a l near Tepoztlân, 1600 m, 29 Aug 1938, 
H a g e J  8 0 1 3 (GH); Alarcbn, 31 Aug 1910, O r c u t t  3863 (F, GH, MO); 
along the road between Yautepec and Tepotzlân, 1.9 mi 3 of
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overpass on Mex. Hwy, 115D, 3.5 mi SE of TepotzlAn on W-facing 
slopes and steep caMons, 1420 m , 19 Oct 1982, P e t e r s o n ,  S t r a c h a n  
4 A h l e n s l a g e r  788 (MONTU); near the km 14 marker on Mex. Hwy. 160 
from Cuernavaca to Yautepec on steep NE-facing slopes, ca. 1830 
ill, 20 Oct 1932, Peterson, Strachan & 4hiens/ager 794 (MONTU); at 
the head of Cahon de Lobos, ca 14.5 mi E of Cuernavaca on Mex. 
Hwy. 133, 1350 m , 20 Oct 1982, Peterson, S t r a c h a n 4 A h l e n s l a g e r  
7 95 (MONTU); near Cuernavaca, 27 Oct 1395, P r i n g J e  70 3 0 (GH); 
lava fields above Cuernavaca, 6500 ft, IB Oct 1900, Pringle S37S 
(F, GH, K , MSC, NY, US); hills near Cuernavaca, 5000 ft, Pringle 
2 1 1 3 3 (F , GH, K, MO, NY); Cuernavaca, Sept 1903, Rose & P a i n t e r  
6 8 9 3 (GH); 10 km al ENE de Cuernavaca, sobre la carretera a 
Tepoztlân, 1700 m , 7 Aug 1964, R z e d o N s k i  28489 (F, MSC, TEX); 
PUEBLA: Teziutlân, 6 Sept 1910, Orcutt 39 6 6 (K) ; TAMAULIPAS:
Miquihuana, 18 km al S de Miquihuana, 1700 m , 15 Aug 1972,
G o n z à l e z - M e d r a n o f  L ô p e z & P. D i r z o  472 3 (LL); in hills 19 km SE 
of Miquihuana on road to Palmillas in narrow, deep and moist 
arrcyo, 23°40'N, 99°41'W, 2250 ra, 11 Aug 1941, S t a n d f o r d f  
R e t h e r f o r d  & R o r t h c r a f t  842 (GH, MO, NY).
Salvia p u b e s c e n s  Benth.
MEXICO: GUERRERO: Iguala Canyon, limestone cliffs, 2500 ft, 28
Sept 1905, P r i n g l e  1 0 0 7 2 (HOLOTYPE: GH, F , UC); canyon walls of
limerock, Iguala Canyon, 3000 ft, 8 Oct 1906, P r i n g J e  2 0328 (GH, 
MO, MSC, NY, UC, US); OAXACA: San Dionicio, Apr 1834, 4ndrieuA
243 (HOLOTYPE: K, F, GH); Rio de la Y, 3 of Valdeflores on the
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Oaxaca-Puerto Esconcicc road in shade of forest by river on steep 
limestone slopes, 1630 m, 23 Oct 1977, Sreman & Greenwood j4,jS2 
(K); Cerro San Antonio, 1600 m , 26 Jun 1906, C o n z a t t i  Î407 (GH); 
Cerro de Ban Antonio, Sierra del Centro, 12 Oct 1907, C o u z a t t i  
2 0 6 0 (F); Cerro S. Felipe, S. Felipe del Agua, Sept 1977, 
ifcDougaii 539 S (NY); 18 mi SW of the City of Oaxaca,
5200— 6800 ft, 2 Oct 1894, H e i s o n  Î52Î (F, GH); Valley of Oaxaca, 
5200--6800 ft, 2 Oct 1894, H e l s o n  1522 (US); mountains near 
Tlapancingo, 6000-8000 ft, 7 Dec 1894, H e l s o u  2091 (US); along 
Mex .
Hwy. 160 between Acatlàn and Huajuapan, 5.7 mi SE of the Oaxaca 
border, 4.0 mi NW Huajuapan, on gentle slopes adjacent to both 
sides of road, 1630 m , 21 Oct 1982, Peterson, Strachan & 
Ahlenslager 7 9 7 (MONTU); along Mex. Hwy. 131 between Oaxaca and 
Sola de Vega, 28.1 mi S of ZimatlAn, 13.3 mi N of Sola de Vega, 
on E-facing upland slopes in dry oak scrub vegetation type, 1540 
m , 25 Oct 1982, Peter s o n , S t r a c h a n & A h l e n s l a g e r  6 25 (MONTU); 
along Mex. Hwy. 131 between Oaxaca and Sola de Vega, 2.9 mi N of 
Sola de Vega on 3-facing steep limestone slopes adjacent to road, 
1490 m , 25 Oct 1982, Fe t er son  ̂ Str achan & A h l e n s l a g e r  S23 
(MONTU); Monte Alban, 5800 ft, 4 Oct 1894, Pringle 4 9 6 0 (GH, MSC, 
NY, UC); Mount Jayacatlân, 4500 ft, 10 Sept 1894, S aith 170 (GH); 
a 8 km al de Huajuapan de Leôn, carreterade Huajuapan a 
Leon-Izucar, 4 Oct 1979, T é l l e z & Hartinez 1074 (TEX); limestone 
slopes 13— 14 mi N of Sola de Vega, 5400— 5500 ft, 16 Aug i962, 
H e b s t e r ,  M i l l e r  & M i l l e r  1 3 , 0 2 4 (F, LA in UC); without location,
1842, Gh iesbr eg h t  s.n. (F); PUEBLA: along Mex. Hwy. 160 between
Acdtlân and Huajuapan, 11.5 mi SE of Petalacingo, 5.9 mi NW of 
the Oaxaca border, on S-facing slopes, 1640 m, 21 Oct 1982, 
P e t e r s o n ,  S t r a c h a n & A h l e n s l a g e r  796 (MONTU); Carretera de 
Huajuapan a Acatlân, 21 km al NW de Huajuapan, 1320 m, Koch 6 
B a n d a  7 3 , 1 6 8 (MO); between Huajuapan, Oaxaca and Retltzingo, 19 
Nov 1894, H e l s o n  197 2 (GH); 12 mi SE of Petalclngo, 6300 ft, 7 
Nov 1964, R i p l e y & Barney 13683 (NY).
Saii/ia r e g i a Cav.
MEXICO: AGUASCALIENTES: Adrioulos, 1839, Harfweg l65 (K, NY);
2 km al E de La Congoja, sobre el camino a San José de Gracia, 
2500 m, IB Oct 1973, R z e d o n s k i & M c V a u g h 855 (MO); CHIHUAHUA: 
Caftan del Rayon, a large canyon on the NE side toward the N end 
of the Sierra del Diablo, rough desolate limestone country, 
27°20'N, 15 km up the canyon, 2S--29 Jul 1941, Stewart 926 (GH); 
CÜAHÜILA: Saltillo, 1600 m , 4rsene 6399 (MO); scrubland on
limestone mountainside above the road on Diamante, 14 mi 5 of 
Saltillo, 2 Jul 1947, B a r k l e y , Webster & WctweJi 7221 (TEX) La 
Cuesta del Plomo on the Muz quiz-BoquiII as Hwy., 28°44 N,
102®31'W, 1750— 1775 m, 14 Sept 1972, Chia n g , Wendt & H , C. 
J o h n s t o n  9 2 1 1 a (LL); higher part and N slope of Sierra de la 
Madera SE & SSE of Rancho Cerro de 1 a Madera, 27*02'— 27*05 N,
102*23'W, 1500— 2900 m, 20 Sept 1972, C h i a n g , Wendt & H. C.
J o h n s t o n  9 4 2 7 (LL); top of Sierra San Marcos v Pinos, 35 mi SW of
Monclova, 7500— 8000 ft, 10 Oct 1972, E n g a r d 4 Gentry 13 (LL);
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Sierra de Santa Rosa, in mountains ca. 10 mi SW of Mûzquiz at 
head of mining road near entrance to mine, 3600 ft, 19 Jun 1976, 
Fryxeii 2 6 7 7 (LL); along rocky canyon bottom about 1 mi N of La 
Laguna, Cafton del Burro, Serranias del Burro, ca. 65 mi NW of 
Sabinas, 3500 ft, 8 Sept 1963, G o u I q 1 0 6 0 6 (TEX, UC); ca. 20 air 
mi ESE of Boquilias in Sierra del Carmen, ca. 2.5 mi E of Rancho 
El Jardin on the N most N-facing canyon of Sierra del Carmen, 
29*06 N, 102*37'W, 5400 ft, 27 Jul 1973, H e n n c k s o n  1 1 4 0 4 (LL); 
Sierra del Carmen, in chaparral oak-woodland on steep igneous 
NW-facing slope, 29°03'N, 102*35 W, 7000 ft, 31 Jul 1973,
UenricksoTt 1 1636 (LL); ca. 35 air mi S of Monclova, in small side
canyon with oak-chaparral forest, N side Sierra de la Gavia in 
Canyon Gavia, 26*19'N, 101*16'W, 3 Aug 1973, Henr i c kson 11770 
(LL); ca. 26 air mi SW of Torreôn in Sierra de Jimulco, ca. 6 air 
mi SSW of La Rosi ta, along trail to summit, in open grassy slopes 
with mixture of chaparral just above oak-madrone-juniper forest 
in ravine and just below S crest of canyon, 25*10'N, 103*15'W, 
8100 ft, 18 Sept 1973, H e n r i c k s o n  1 3 1 9 3 (LL); ca. 22 air mi WNW 
of Cuatro Cienegas in pine-fir forest in upper Sierra de 1 a 
Madera above Canyon de la Hacienda, 27*03 N, 102*24 W,
6800— 8000 ft, 27 Sept 1973, H e n n c k s o n  13601 (LL) ; ca. 22 air mi
WNW of Cuatro Cienegas, in upper portion of limestone Cafton de la 
Hacienda, below first lumber camp in Sierra de la Madera,
27*04'N, 102*25'W, 5000 —  6000 ft, 28 Sept 1973, H e n n  ckson 1 3 6 3 0  
(LL); Arteaga, Sierra Arteaga, 2000 m, 24 Jul 1949, H int o n  1 6310 
(GH); La Noria, end of road from T. Armendaiz N into the Sierra
jL T D
del Pifto, open valley with scrub oaks and scattered pines, 20--29 
Aug 1940, I, H, J o h n s t o n & C. H. H u e l l e r  461 (GH, LL); Sierra 
Almagre, W of the old vinata above Rancho El Almagre, dry rocky 
open canyon floor, 11 Sept 1940, J. H, Johnston & C. H- Mu l l e r  
1 1 7 3 <GH, LL); Sierra de la Madera, La Cueva in Corte Blanco fork 
of Carretera Canyon, scrub-oak zone just below the conifer 
forests, 5300 —  6500 ft, 11 — 15 Sept 1941, I. M, J o h n s t o n  9111 
(F, BH, LL); W side of Potrero de la Mula, ca. 20 km NW of Ocampo 
on the escarpment near the mines, on middle slopes under oaks, IB 
Sept 1941, J. M . J o h n s t o n  9 2 0 2 (GH); 17 km by winding road N of 
Rancho El Jardin, ca 5 km SW of Mina El Popo, dissected E slope 
of Sierra del Carmen, 29®10'30"--29°i1'N , 102*45'--102®46'W,
1750— 2000 m , 23 Jul 1973, M , C, J o h n s t o n  ̂ Wendt, Chiang &
R i s k  ind 1 1 8 7 3 (LL); La Casita, 22 Aug 1948, K e n o y e r  & Cru a 3 0 9 3  
(GH); in canyon of Sierra Hermosa de Santa Rosa, 25 mi NW of 
Melchor Miizquiz, Jul 1963, L a t o r r e  12 (TEX); Del Carmen Mtns,
14 Aug 1936, Marsh, 656 (F, GH, TEX); Sierra de Santa Rosa, 3 of 
Mûzquiz, 25 Jul 1933, M a r s h  1453 (F, GH, TEX); Sierra de Santa 
Rosa, S of Mûzquiz, 25 Jul 1938, Ha r s h  1487 (F, BH, TEX); Sierra 
de la Gloria, SE of Monclova, 31 Jul 1939, M a r s h  1357 (F, GH,
TEX); at La Morada Ranch, 4550 ft, 23 Aug 1968, M c K e i l a r  s.n, 
(TEX); dry limestone slope near Saltillo, 7000 ft, 9 Aug 1937, 
Munz 1 5 0 2 3 (LA in UC); San Lorenzo Canyon, 3 of Saltillo,
1800— 1900 m, 22 Jul 1934, P e n n e l l  17439 (F, LA in UC, NY, UC); 
ca. 25.4 mi E of junction between Mex. Hwy. 57 and the road to 
Los Lirios, 3 of Saltillo, 0.3— 5.4 mi SE of Los Lirios, at
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roadside adjacent to apple orchards in limestone substrate in 
open dry places at edge of oak-pine forest, 2410--2525 m , 1 Oct 
1982, P e t e r s o n , Strachan & Ahlenslager 6S7 (MONTU); Carneros 
Pass, shaded gulches of limestone hills, 1 Sept 1889, PrJngle 
2334 (F , GH, K , MO, MSC, NY, UC); Sierra de Parras, Jul 1910, 
P u r p u s  4 5 9 2 (UC); Sierra de Parras, Oct 1910, P u r p u s  4 6 7 4 (UC); 
Cahon de San Lorenzo, 6— 8 km 3 of Saltillo on limestone, 23 Aug 
1968, R i p l e y  1 4 9 4 4 (NY, US); road from Saltillo to Diamante, 
Sierra Zapaliname, shaded slopes, 7400 ft, 31 Aug 1938, Shreye 
8527 (LA in UC); 9 km S of Parras on Sierra Negras, 25.27°N,
103.9°W, 2400 m , 3 Jul 1941, S t a n d f o r d ,  R e t h e r f o r d & H o r t h c r a f t  
211 (GH, MO); in arroyo on S slope of mountain, 24 km NW of 
Frai le, 25*3 N, lOl^lB'W, 2900 ft, 15 Jul 1941, S t a n d f o r d ,  
Retherford & H o r t h c r a f t  3 80 (GH, MO, NY, UC); Gallon de Hidalgo, 
Sierra Mojada, along the very steep and difficult trail up the 
precipitous N wall of sierra, above San Salvador Mine, near 
Esmeralda, 4 Aug 1941, Stewart 1082 ( F , GH, LL); CaPi'on de San 
Enrique, E side of Sierra de la Encantada, 5 km W of Rancho Buena 
Vista, 4 Sept 1941, Stewart 1383 (F, GH, LL); Cahon de Miiaqro, a 
deep narrow box-canyon in limestone, E side of the Sierra de Ids 
Guajes, ca. 12 km W of Hacienda de la Encantada, 10— 16 Sept 
1941, S t e u a r t  1 5 3 0 (GH, LL); Mesa Grande, high mesas 40 km NW of 
Hacienda de la Encantada, edge of meadows, 14 Sept 1941, Stewart 
1 6 5 6 (GH, LL); Gallon de Ybarra, the principal canyon at the NE 
end of the calcareous Sierra del Pino, 22— 23 Sept 1941, Stewart 
1819 (F, GH); Sierra del Carmen, ca. 20 mi S of Boqui11 as,
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infrequent on Sen. Gonzalez ranch, 4500 ft, 29 Aug 1948, Turner & 
B a r k s s.n. (SRSC); Dei Carmen Mtns, infrequent shrubs on N 
igneous slope of Picacho del Centinela, 6000 ft, 24 Aug 1953,
Har n ock 11613 (SRSC, TEX); Sierra Madera del Carmen at junction 
of Cahon El Dos and Cafton El Oso, ca. 2 mi W of Campo Uno, 
28059'N, 102=34 W, 1900 m, 31 Jul 1974, Wendf & Udaecewjcr 443 
(LL) ; Sierra del Carmen, Caffon de Centensia on Hacienda Piedra 
Blanca, Villa AcuMa, 8 Jul 1936, Wynd & C. H. Mueller 605 (GH,
MO, NY); without location, 10— 13 Jul IBSO, Palmer 1079 (GH, NY); 
DURANGO: Canyon Cantero, Sierra Gamôn, steep rocky volcanic
slopes with oak, coarse grass, 2000 m, 21 Sept 1943, Genfry SJ6 4  
(GH, LA in UC , UC); NW third of Sierra del Rosario,
25 = 42'--25 = 45 'N, 103=57'--104 = 0 0 'W, 1800 —  2655 m, 25 Jun 1973,
M , C . Johnston, Wendt & Chiang 1 1 4 5 D (LL); GUANAJUATO: Xichu
road, oak zone, 19 Aug 1947, Kenoyer 2306 (GH); Xichu road, oak 
zone, 19 Aug 1947, K e n o y e r  2336 (GH); under cliffs near Acambaro, 
6 Get 1904, P n n q i e  13169 (F, GH, MO, MSC); 2--4 km E of
Guanajuato, growing in ravine on N slope of a hill, 16 Get 1952,
S o h n s  2 94 (LA in UC); without location, 1880, Duges s . n . (GH); 
without location, dry hills, Sept 1900, Duges 226 (GH); without 
location, Nov 1903, Vu g e s 21 (GH); HIDALGO: prope Regia, without
date, E h r e n b e r g  100 (GH); ZimapAn, Jun--Qct 1840, S a l e u t t i  704
(BR); Jacala, 20 Nov 1937, K e n o y e r  773 (F, MO); summit of bajada 
14 mi NE of HuichapAn on route Mex. Hwy. 45, 2150 m, 7 Oct 1962, 
M c V a u g h  2 1 7 S 6 (NY); Jacala, Puerto de la Zorra, near km 284 on 
Hwy NE of Jacala, 5000 ft, 27 Oct 1946, Moore 1690 (GH, UC);
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Ixmiqui1pàn, Cardonal, dry hillsides between Cardonal and 
Santuartio, 2000 m , 27 Nov 1946, Hoor e 2 Î 6 i (GH); rocky slopes o f 
Mt. Canqandho above Encarnacibn, 7000 -ft, 6 Aug 1948, Moore &
H o o d  4 3 5 3 (GH, DC, US); Zacualtipân, trailsides, slopes and 
ravines by Rio Panotlan, between Zacualtipân and Olotla on road 
to MetztitlAn, 1600--2000 m , 15 Oct 1949, Moore 5341 (UC); along 
Mex. Hwy. 45, 14.0 mi W of junction with Hwy. 85, 13.9 mi E of 
Huichapàn, just W of bridge over deep vertical-sided gorge on E 
side of gorge on steep nearly vertical slopes, 2070 m, 1 Nov 
1982, Peterson, S t r a c h a n & A h J a n s I a g e r 838 (MONTU); along Mex. 
Hwy. 85 between Pachuca and Jacala, 0.7 mi S of El Cobreuto,
16.2 mi S of Jacala, on W-facing slopes of rocky roadcut in 
limestone substrate, 2160 m , 1 Nov 1982, Peterson^ Strachan &
Ahlenslager 842 (MONTU); along Mex. Hwy. 85 between Pachuca and
Jacala, 35.1 mi N of junction with Hwy 45, 4.3 mi N of Jacala, on 
S-facing slope, 1740 m , 1 Nov 1982, Peterson, S t r a c h a n & 
Ahlenslager 844 (MONTU); chalk bulffs near Tula, 6800 ft, 20 Sept 
1902, Pringle 11131 (F, GH, K, LA in UC, MO, NY); 7 km N de
Cardonal, 2300 m, 14 Aug 1965, Ouintero 2854 (MSC); 20 km al SSE
de Ixmiquilpân, Cerro de la Nube, 2400 m, 8 Oct 1965, duintero 
3 1 1 5 (LL, MSC); 16 mi W of the junction of Hwys 45 and 85, 22 Aug 
1961, Waterfall 1 6 5 0 0 (LA in UC); NUEVO LEON: Cerro El Potosi,
Galeana, 2000 m, 15 Sept l9o9, H i n t o n  1/259 (K, MSC, TEX); 
2aragoza, S of Puerto Pino, 2460 m, 19 a un 1979, H i n t o n  l/5/£ 
(TEX); near Dulces Nombres, on open limestone strewn slopes, 1950 
ffl, 22 Jun 1948, Meyer & R o g e r s  2 6 1 5 (MO, LA in UC); Dulces
299
Nombres, just E of border into Tamaulipas, 1950 m , 22 Jun 1943, 
Weyer 4 Rogers 26 i 6 (GH, LA in UC); moutains near Monterrey, 15 
Jul 1933, C. H. tiueîler & M.T. HueiJer 147 (F, TEX); Sierra Madré 
Oriental, descent from La Jolla to San Francisco, ca. 20 mi NE of 
Galeana, sparse in the upper half of Caftan de las Piacetas, 7300 
ft, 27 Jul 1934, C, H. H u e l l e r & «, T. H u e l l e r  1270 (F, GH); W 
upper slope of Sierra de la Cebolla, Rayones, 20 Aug 1939, C. H. 
H u e l l e r  2 3 S 3 (GH, LL, UC); Galeana, Hacienda Cieneguillas on 
Cerro Potosi, Galeana-Salti11o trail, midway between Cieneguillas 
and La Placets, 7700 ft, 1 Aug 1938, S c h n e i d e r  976 (F, GH, MO, 
NY); barranca near Ojo de Agua at foot of Cerro de Potosi,
660 ft, 13 Jul 1945, S h a r p  4 5 7 0 8 (LA in UC, MO, NY); in 
pinyon-yucca forest 5 mi NW of Ascension, 6900 ft, 28 Aug 1940, 
Shreke & T i n k h a a  9 7 3 3 (GH); near top of H ridge above Olinala 
near Chipinque, Monterrey, Sept 1960, S w i t h  H403 (TEX); 3 mi N of 
Los Mimbres, ca 15 mi NW of Galeana, 20 Aug 1979, Turner & Dakies 
A - 4 0 (TEX); OAXACA: Cerro Jicote, 1.5 km al W de Magdalena
Jicotlàn, 2350 m, 20 Aug 1968, C i s n e r o s  1901 (MSC); Cerro Nate,
3.5 km al SSW de Magdalena Jicotlàn, Tlapiltpec, 2450 m, 4 Aug 
1968, C i s n e r o s  201J (MSC); Coixtlahuaca, 7000--7500 ft, 12 Nov 
1894, H e l s o n  191 7 (GH); along dirt/gravel road between 
Tamazuiapân-Concepcion Buenavista-Tejupân, 2.3 mi S of 
Suchiztalahuapân, 8.5 mi NE of Tejupan, on N-facing limestone 
slopes in dry thorn forest habitat, 2130 m , 24 Oct 1982,
P e t e r s o n ,  S t r a c h a n  â A h l e n s l a g e r  820 (MONTU); San Luis
Tultit1anapa, Cerro Verde, Jul 1908, Purpus 3291 (UC); QUERETARO:
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Querétaro, 6500 -ft, 10 Aug 1950, S p i v e y  202 (UC); SAN LUIS
POTOSI: Market of San Luis Potosi, Jul and Aug 1896, Paiser, 726
(GH); San Rafael, 1876, S c h a f f n e r  66 5 (K, NY); 22°N, 6000— 3000 
ft, 1878, Parry & Palmer 74Î (F, GH, LA in UC, MO, NY); without
location, 1879, Schaffr.er 332 (F, LA in UC, NY); 4 km W of
Miquihuana on limestone ridges in open pine forest, 23°42'N,
99*45'W, 3110 m, 4 Aug 1941, S t a n d f o r d ,  R e t h e r f o r d  & H o r t h c r a f t  
651 (GH, MO, NY, UC); 3 mi N of Miquihuana, in pine forest,
12 Jul 1949, S t a n d f o r d ,  L a uber & T ayl o r  2400 (NY, US); Santiago, 
Huayacocotla, barranca, 21 Oct 1970, H e r n a n d e z  & T r i g o s  76$ (GH); 
MEXICO: Villapando, 1844, 3er/ar/dier s.n. (TEX); without 
location, Coulter 1099 (GH, K, NY); without location, 10 Aug 
1885, Fernai 227 (GH); without location, 1848--1849, G r e g g  340,
BH); without location, Oct 1840, H a r t u e g (K); without
location, without date, Hee s.n, (F , MA); without location, 
without date, P a r k i n s o n  s.n, (K); without location, Purpus 1905 
(UC); without location, without collector (GH); without location, 
without date, without collector, (MO). UNITED STATES:
CALIFORNIA: San Francisco, Golden Gate Park, 27 Jun 1941,
H a J t h e r  s,n, (MO). TEXAS: BREWSTER CO.: Chisos Mtns, Big Bend 
National Park, on middle slopes of Lost Mine Peak, 1 Sept 1950, 
Bryant & Sryant 16 3 (UC); slope of Mt. Emory near top, 5 Aug 
1946, C o r r e l l  1 3 , 6 5 2 (LL); along wooded slope, Boot Canyon, 8 Jul 
1960, C o r r e i l f  C o r r e l l & S c h u e i n f u r t h  2 3 , 4 8 1 (LL); Pine Canyon,
17 Jun 1963, C o r r e l l & Wasshausen 2 7 , 6 6 4 (LL, UC); Boot Springs,
9 Sept 1933, C o r y  7 2 0 7 (LA in UC); Big Rock Trail, 10 Jul 1944,
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C o r y  4 4 , 8 6 7 (TEX); Juniper Cafton, 5000 ft, 15--18 Jul 1921,
F e r r i s & Duncan 276 4 (MO); Chisos Mtns, 5000--6000 ft, 23 Mar 
1929, F l e t c h e r  728 (SRSC); roadside leading N from the Window to 
Park Headquarters, 8 Sept 1964, G i U i s  5769 (MSC); in Green 
Gulch, 6500 ft, 22 Aug 1947, H i u k l e y  4 0 0 5 X (NY, SRSC, TEX); along 
canyon, just above Boot Springs, 7000 ft, 1 Aug 1959, Kr u c k e b e r  g 
4761 (NY, UC); upper slopes of Green Gulch, 27 Aug 1944, Lundell 
1 3 2 4 6 (LL, LA in UC); Green Gulch, 27 Aug 1944, Lundell 13269 
(LL, LA in UC); Leguna, 6800 ft, i Oct 1935, H c D o u g e l l  s.n, (UC);
Wade Canyon, Jul 1935, H a r s h  s.n. (SRSC, TEX); Oak Canyon,
5000 ft, 1 Sept 1937, M a r s h  323 (TEX, UC); 1 mi above Boot 
Spring, along creek, 2120 m , 21 Jun 1931, Moore & S t e y e r a a r  k 3179 
(MO, UC); Chisos Mtns, 25 Jul 1932, C. H. M u e l l e r  s.n. (LL, MO, 
SRSC, TEX, UC); 24 Jun & 5 Jul 1931, C. H. M u e l l e r  81 4 3 (LL, MO, 
TEX, UC, US); 25 Jul 1932, C. H. H u e l l e r  3 2 , 0 1 3 (LA in UC, TEX,
UC); at the head of Boot Spring, Boot Spring Canyon, ca 2.5 mi up
trail from campground, in dry oak-pinyon woods, 1980 m , 25 Sept 
1982, P e t e r s o n ,  S t r a c h a n  & A h l e n s l a g e r  672 (MONTU); Pine Canyon, 
near the waterfall, 24 Sept 1977, Powell, Powell, M e e d i n & 
Campbell 3 2 3 4 (LL, SRSC, US); Chisos Mtns, 12 Nov 1939, Ripley & 
B a r n e y  s.n. (NY); Big Bend National Park, 5000 ft, 6 Sept 1938, 
R o l l i n s  2 7 7 5 (UC); upper Pulliam Canyon, 5 Jul 1936, Sperry 177 
(SRSC); Green Gulch, 28 Oct 1938, Sperry 1502 (TEX); Green Gulch, 
20 Aug 1939, S p e r r y  1567 (SRSC); Green Gulch, 22 Aug 1947, T h arp, 
Hinckley & M a r n o c k  5 1 - 3 (TEX); Casa Grande, 7000 ft, 15 Jun 1937, 
M a r n o c k  177 (SRSC, TEX); Green Gulch, 5100 ft, 22 Aug 1947,
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H a r n o c k & T h a r p  6S49 (LL, SRSC); frequent on trail to Laguna from 
Basin, 6400 ft, 2 Sept 1947, U a r n o c k  7ÎÎ7 (LL, SRSC); sparse 
shrub near top of Mt. Emory, 7000 ft, 10 Sept 1950, H a r n o c k  9696 
(SRSC); woodland between Boot Spring and the Boot in lower Boot 
Canyon, 6700 ft, 11 Jul 1955, H a r n o c k 6 Walimo 1 2 , 2 5 8 (SRSC); E 
slopes of Lost Mine Peak in Pine Canyon, 4600 ft, 28 May 1959, 
H a r n o c k ,  H , C. J o h n s t o n  & PoweJi 1 7 , 8 8 2 (SRSC); Boot Spring area, 
7000 ft, 25 Sept 1960, H a r n o c k  1 3 , 6 8 2 (SRSC); N slope Emory Peak, 
6500 ft, 15— 19 Jul 1952, H e b s t e r  4 3 2 7 (SRSC); Chisos Mtns, 11 
Jul 1936, H h 1 t e h o u s e  1 1 , 5 2 4 (NY); Nail Place, 8 Jul 1915, Youn ç 
s,n, (TEX); Nail Place, 8 Sept 1915, Vuuuff s.n- (TEX); high in 
the Chisos Mtns, Aug 8 1915, Yo u n g s.n. (UC); Chisos Mtns, 7 Aug 
1945, Y o u n g s.n. (MO).
Sal 02 a b e t u l i f o l i a  Epling
MEXICO: CHIHUAHUA; Guachochic, S of pass Between Humira and
Basiguare on Creel-Guachochic road, ca km 47+600, 2160 m, 5 Aug 
1977, Bye 787 3 (LL, NY, TEX, US); Guachochi, near pass between 
Humira and Basiguare, near km 47.9 of Creel-Guachochi road, UTM 
zone 13303 10 km N , 24 10 km E, 1982 m, 19 Oct 1979, Bye 9623 
(NY, TEX, UC, US); 23 mi W of Parral, along road to Ojito, ledges 
along stream, 5200 ft, 6 Oct 1959, c o r r e a l & S e n t r y  ^ ̂  35 j (CL,
MO, UC); Mojarachic, 13 Jun 1938, Knabioc/i 526 3 (F, MSC); 
Mojarachic, 30 Aug 1939, K n o b l o c h  5 3 3 3 (MSC); along Mex. Hwy. 24 
to El Vergel, 10.9 mi W of junction with Mex. Hwy. 12 near 
Hidalgo del Parral on rather disturbed slopes of caftons and
ravines, on limestone substrates, 2000 m , 3 Get 1982, P e t e r s o n ^  
S t r a c h a n & A h i e n s l a g e r  703 (MONTU); along Mex. Hwy. 24, 15.4 mi E 
of El vergel, 58.1 mi W of junction with Hwy 12 near Hidalgo del 
Parral, S-facing slopes of ravines and caftans, 2365 m, 3 Oct
1982, P e t e r s o n ,  S t r a c h a n & A h l e n s l a g e r  709 (MONTU); along Mex.
Hwy, 24, 38.8 mi E of El Vergel, 34.7 mi W of junction with Hwy 
12 near Hidalgo del Parral, on limestone in pine scrub area, 2300 
m, 3 Oct 1982, P e t e r s o n ,  S t r a c h a n 4 A h l e n s l a g e r  710 (MONTU); 
along S side of Mex. Hwy. 24 to El Vergel NW from Hidalgo del
Parral, 10.3 mi W of junction of Hwys. 12 and 45 S of Hidalgo del
Parral, rocky E- & W-facing slopes of ravine and caftons on 
limestone substrate, 1930 m, 15 Jul 1984, P e t e r s o n  850 (MONTU);
along dirt road from Hidalgo del Parral to El Vergel out of San
Francisco del Qro, ca 10 mi W of the main road between Parral and 
San Francisco, at the mouth of the canyon just W of a small
village, on steep volcanic slopes, 6000 ft, 12 Sept 1972, Reveal
4 H e s s  3 0 1 0 (NY); W side of Sierras near San Francisco de Oro, 
6200 ft, 3 Oct 1959, Soderstron 8 72 (US); first range of Sierra 
Madre behind Santa Barbara, oak forest, 6500 ft, 3 Oct 1965, 
R i p l e y 4 B a r n e b y  1 3 , 9 1 7 (NY); 32 mi W of junction between Santa 
Barbara and San Francisco de Oro, on road to Guadalupe y Calvo, 
7200 ft, 17 Aug 1976, M a l k e r  7 6 H 7 5 (MO); without location, Sept 
1934, D o b i e  59 (TEX); DURANGO: Papsaquiaro, 7 Aug 1898, H e l s o n
4 6 6 3 (GH); Santiago Papsaquiaro, Apr and Aug 1896, P a leer 404 (F, 
MO, NY, UC); Tejamén, 21 —  27 Aug 1906, PaJa e r  477 (HOLOTYPE: US, 
F , GH, LA in UC, MO, NY, UC, US); along the dirt road from
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Hidalgo del Parral to El Vergel out of San Francisco del Oro, ca. 
53 mi W of Parral and 12.6 mi W of Ojito, 11 Aug 1971, R e v e & i , 
H e s s & K i g e r  2 7 4 8 (NY); along the dirt road from Hidalgo del 
Parral to El Vergel, ca. 42 mi W of Parral and 6 mi W of Ojito, 
Sierra Madre Occidental, 7500 ft, 12 Sept 1972, R e v e a l &
3 0 2 0 (MSC, NY); along the dirt road from Hidalgo del Parral to El 
Vergel, ca. 47 mi W of Parral and 11.5 mi W of Ojito, Sierra 
Madre Occidental, among lava rocks and outcrops near the road and 
old wagon trail above the road, 8000 ft, 12 Sept 1972, R e v e a l & 
He s s  30 3 7 (MSC, NY, US).
